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ABSTRACT

Two experiments were conducted to study the effects of different diets on weight gain.

and meat quality characteristics of two indigenous cattle in Tanzania. Incarcass

Experiment (Expt.) 1, 60 Tanzania Shorthorn Zebu (TSHZ) (1.5 to 2.5 years old and 99

±11 kg LWT) and 60 Boran (1 to 2 years old and 167 ± 8 kg LWT) steers were randomly

allocated to five dietary treatments in a 2 x 5 factorial arrangement during the wet

season. While in Expt. 2, 36 TSHZ (3 to 4 years old and 177 ± 9 kg LWT) and 36 Boran

(2 to 3 years old and 225 ± 12 kg LWT) steers were randomly allocated to three dietary

treatments in a 2 x 3 factorial arrangements during the dry season. Diets in Expt. 1 were

control, GrazC50 (grazing animalsGrazC00 where animals were purely grazing as

offered 50 % ad libitum concentrate intake) while diets HayC60. HayC80 and HayClOO

comprised animals given ad libitum hay plus 60, 80 and 100 % of ad libitum concentrate

intake, respectively. Similar diets were used in Expt. 2 except HayC60 and HayC80 were

excluded. The concentrate contained maize meal (380), cotton seed cake (130), molasses

(470), mineral mix (10), salt (5) and urea (5) g/kg feed to give 125 g CP and 12 MJ ME

per kg DM. The two experiments lasted 100 and 90 days, respectively, for Expt. 1 and

Expt. 2 after which all animals were slaughtered. Data on performance, carcass and meat

characteristics were recorded and analysed. Net returns were calculated for each

treatment. ADG and DP increased with concentrate offered in both Expt. 1 and 2. Shear

force were lower (P<0.05) in Boran than TSHZ. Shear force values decreased (P<0.05)

with increasing level of concentrate offered. Shear force decreased (P<0.05) with

increase in ageing time. Positive net returns were only obtained when carcasses were

sold at prices higher than the actual market prices for meat at the time of the two

experiments. In conclusion, the quantity and quality of meat produced from indigenous



iii

cattle breeds in Tanzania can be improved through feeding fattening diets but this can

only be profitable when meat is sold at higher prices than the current conventional prices

of meat.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Indigenous cattle in Tanzania comprise of Tanzania Shorthorn Zebu (TSHZ). Boran and

Ankolc (Msanga el al., 2001) and they play a significant role to the income and

livelihoods of livestock keepers. The Ministry of Livestock and Fisheries Development

(、ILDF) (2009) estimated that of the 19.1 million cattle population in Tanzania, beef is

produced from agro-pastorai (80 %) and pastoral (14%) systems and the remaining 6%

from the commercial ranches. Despite this large cattle population, the livestockcome

sector has not performed to the expected potential resulting to low productivity leading

to low income by the livestock keepers. The reasons for the low performance of the beef

industry have been studied by several workers. Reviews by Mpiri (1991; 1994) and URT

(2005) reported low productivity coefficients of the Tanzania indigenous cattle under

traditional sector as characterized by low herd growth rate (0.54 %) and low calving rate

(40-50 %). Other trails of economic importance that are characterized by low coefficients

included old age at weaning (180-210 days), high calf mortality (> 25 %) and adult

mortality (8-10 %), low mature weight (200-300 kg) and ofTtake rate (8-10 %) and low

weight (100-175 kg). Animals are slaughtered at old age (6-7 years) resultingcarcass

into tough meat (Mpiri, 1994). Despite the poor performance of the indigenous cattle, it

is the most available animal resource for beef production in Tanzania (94 % of the total

cattle population) and the animals are hardy and highly adaptable to the local

environment.

According to a review by Msanga et al. (2001) indigenous cattle of Tanzania (TSHZ,

Ankole and Boran) belong to Bos indicus species and have some beef characteristics
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with good fertility (calving interval of 18-24 months). However, it is likely that without

addressing the current poor productivity of the indigenous cattle and by developing

serious interventions in the whole meat value chain in Tanzania, it will not be possible to

challenged to come up with breeds that can perform better under Tanzanian condition

using locally available resources such as feedstuffs. The Government of Tanzania has

attempted to meet these challenges by contracting several experts to explore possible

interventions including that of the construction of modern abattoirs (Ashimogo and

(irecnhalgh. 2007) and improving the market outlets of animals from livestock keepers

lo abattoirs (Kinunda-Rutashobya, 2003). In addition, various studies have been

conducted to look into the resources for production of quality beef (Nandonde, 2008),

and market availability and accessibility of quality meat (Mapunda, 2007). The attitude

of pastoralists and agro-pastoralists in selling cattle (Haule et al.. 2010 and Sambali,

2010) have also been assessed and documented. In several occasions, The President of

the United Republic of Tanzania, Hon. Jakaya Mrisho Kikwete has emphasized on the

need to improve the beef industry through finishing beef under feed lot conditions (TSAP

opening speech, 2007). Such challenges that call fbr improved productivity of livestock

should be met by making informed decisions and these calls for research on factors that

affect beef cattle productivity. It is therefore important to understand the factors that

affect production of quality beef

Several factors have been reported to influence production of quality beef including

breed, nutrition (feed combinations, energy level, protein and mineral contents), sex and

of the animals (Purslow, 2002; Warriss, 2004). Several studies havethe age

demonstrated that there are differences among breed on the onset and rate of fattening

(Strydom et al.t 2000) and there can be complex breed and nutrition interactions

(Kilpatrick and Steen 1999; Strydom et al.t 2000). It was observed in Uganda that the

have a commercial, vibrant and competitive beef industry. Livestock stakeholders are
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noted breeds (Ankole and Ng'anda) responded to supplementation by putting on weight

even on

required high level of supplementation (Mpainve et al., 2003). Breed effect has also been

reported by Mpiri (1994) that crossbreeding where increasing the percentage of Bos

taurus genetic makeup, boosted the carcass weight in the Brahman and Sahiwal crosses.

In a fattening trial, marbling decreased as the percentage of Bos taurns genetic make up

increased (Strydom et al., 2000). However, at maturity, the level of fattening was similar

amongst all breed groups. Breeds with a smaller adult size and therefore with lower daily

growth (early maturing), will be older and therefore have more fat than the larger and

late maturing breeds if slaughtered at the same weight (Andersen et al. 2005). There are

also breed difference in carcass muscle physical and biochemical properties (Notter et

al., 1991; Santos-Silva et al., 2002).

Boran cattle have extensively been used in crossbreeding programmes and are

considered as the most outstanding beef breed in East Africa (MLDF, 2009). Boran is a

large framed cattle with good body conformation compared to TSHZ which are rather

small framed and stocky animals. Earlier studies on growth performance of Boran cattle

under feedlot condition, have reported an average daily gain (g/d) of 883 (Jepsen and

Creek, 1976) and 1000 (Payne, 1990). In Tanzania, Luziga (2005), worked with Boran

crossed with Ayrshire under feedlot condition and reported ADG of 1130 g/d. Similar

also reported by Longino (2007). Diet composition and feedingresults were

manipulation strategies have also been shown to affect beef quality. Diets with low

energy give rise to less tender meat compared with high energy diets when fed ad libitum

(Kristensen et al., 2002). It has been demonstrated that animals finished under feed lot

condition tend to have higher dressing percentage, better carcass composition and better

limited level of feed supplement contrary to the Ankole-Friesian crossbreed that
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meat quality (Owens and Gardener, 2000). Creek and Squire (1976) reported ADG of

990 g/d for unimproved Boran and 1260 g/d fbr improved Boran using high energy

molasses based diets under feed lot condition in Kenya.

Il has been clearly demonstrated from the literature that there is a great potential in using

the available feed and animal resource to produce quality beef through nutritional

manipulation. The little information available in Tanzania indicates that Boran cattle

under extensive ranch management can achieve an ADG of 250 to 400 g/d. A recent

study by Mawona (2009) estimated ADG of TSHZ and Ankole fattened using agro­

industrial by-products in Mwanza region to range from 440 to 780 g/d. It is not known,

however, if lhe beef produced from such animals is or acceptable quality in the niche

market that demand fbr such tender beef

1.2 Problem Statement

Recent study by Mapunda (2007) indicated that there is an increasing demand fbr quality

beer due to the emerging niche markets (high and middle class income earners, tourist

hotels, mining areas and supermarkets) that prefer tender meat. In addition, changes in

life style in towns have increased the demand for quality beef Thus, there is great

opportunity to improve the quantity and quality of beef and if this is coupled by

reasonable increase in meat prices may revolutionise the beef value chain in Tanzania

and therefore increase the income of livestock keepers. The MLDF (2009) noted that

almost all the meat produced in Tanzania comes from cattle grazing on natural pastures.

Cattle keepers normally sell animals in the market without finishing them. Only few

farmers supplement their beef animals prior to sale (Mkonyi el al.9 2006; Mawona,
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2009). This may imply that there is a need fbr research that will address the whole value

chain of quality beef in Tanzania.

1.3 Justification of the study

Attempts made in Tanzania at Mtibwa Pilot Scheme fbr Production of Quality Beef

using high energy diets based on either high molasses diets (37 % molasses + 19 %

maize meal) or high corn diets (32 % maize meal + 27 % molasses) obtained similar

ADG of 1.13 kg/day (Luziga. 2005). Such finding demonstrated that cheap feed

resources

follow up of this pilot scheme, a project was set up to evaluate the opportunity of

producing quality beef using the available feed and animal fbr increasedresources

income through improved market access and production of quality beef (Kimambo et al..

2010). The projects main objective was to develop strategies on the use of available

fbr production of quality beef under feed lot condition (Nandonde, 2008 andresources

Mtaita, 2010).

Several studies have been conducted focusing on improving beef tenderness using other

strategies apart from feeding and breed manipulations. These include pre-slaughter

management and handling of animals and post-slaughter handling of carcasses and meat.

Pre-slaughter management and handling of animals include age at slaughter (du Plessis

and Hoffman, 2007; Schoonmaker et al., 2002), sex manipulation by castration (Fiems et

al.. 2003) and improved bleeding (Andersen et al.. 2005; Sanudo et al.9 1998). Similarly,

suspension (Eskildsen et al., 2010), meat ageing (Sentandreu et al.9 2002) and proper

affect meat quality. However, there is limitedcooking (Jama et al., 2007) can

information on what constitutes standard quality beef in Tanzania. Mushi et al. (2007)

like molasses can replace part of maize meal to produce quality beef. In a

post-slaughter handling which includes carcass cooling (Morgan et al.9 2002), carcass
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reviewed some parameters indicative of meat quality such as meat tenderness, meat

ultimate pH and meat colour. Tenderness has been reported to be one of the most

important eating quality attributes, which influences the consumers overall judgment and

perception of chewability of meal (Burke and Monahan, 2003).

Meat tenderness has been measured mainly by mechanical instrumental tests

(e.g.Warncr-Bratzler Shear Force) and by sensory panel test. The mechanical

measurement which determines the meat resistance to shearing is the most common used

method as sensory evaluation is very subjective (Christensen el aL, 2007). In Tanzania.

\cry little information is available on the slaughter, carcass and meat attributes of the

indigenous cattle. In addition, there is very limited information on how the indigenous

cattle will respond to feeding manipulation under fecdlot condition in order to produce

quality beef that is acceptable to current domestic and export markets. There is also a

need to develop feeding packages suitable for various strains of indigenous cattle in

Tanzania.

The aim of the present study was therefore to evaluate the effects of two indigenous

breeds of cattle (TSHZ and Boran) in Tanzania fed different diets under feed lot condition

on performance, carcass and meat quality characteristics. The financial profitability of

producing quality beef under feed lot condition is also assessed. The results of the present

study will form the basis for recommendations of suitable production packages for

quality beef
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1.4 Study Objectives

1.4.1 Overall Objective

To improve the quantity and quality of meat produced from indigenous cattle breeds in

Tanzania

1.4.2 Specific Objectives

To evaluate the response of two indigenous cattle breeds fed different levels of

finishing diet on weight gain, slaughter, carcass and meat quality characteristics

To determine the effect of ageing time on tenderness of meat from the two cattleii.

breeds and different finishing diets

To assess the financial returns of feedlot enterprise using Tanzanian indigenousiii.

cattle and available feed resources.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Overview of Tanzania Beer Industry

Tanzania is rich in livestock resources in tenns of number and diversity. The estimated

cattle population is 19.1 million, ranking third in Africa, after Ethiopia (35 million) and

Sudan (30 million) (1LRI, 2003; MLDF, 2009). In Tanzania, livestock production is an

important sub-sector of agriculture contributing to about 30% of Gross Domestic Product

(GDP) accruing from agriculture. It is also estimated to contribute 4.7% of the GDP.

N join be and Msanga (2009) reported that the contribution of beef sector to the GDP

plays the biggest role of about 40% compared to other livestock products from the dairy

sector (30%) and other livestock like small ruminants, pigs and poultry that contribute

about 30%. It is also important to note that of all the beef consumed in Tanzania, the

majority (98%) is produced from the traditional sector which constitute the indigenous

cattle population (MLDF, 2009).

Despite this cattle population (19.1 million), the beef industry has not been exploited to

the expected potential. According to Njombe and Msanga, (2009) a total of 218,976

metric tonnes of beef was produced in 2007/08. This amount of beef is rather small

compared to Kenya which has about 13 million cattle and produced 288,909 metric tones

in 2004/2005 (MPK, 2005) and Uganda which has about 11.4 million cattle produced

292,800 metric tonnes in 2004/2005 (FAO, 2005). Considering that these countries are of

similar geographical location, there is every reason to suggest that animal productivity in

Tanzania is low.
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Various efforts have been initiated to change the production systems for improved

productivity of beef in Tanzania. Over the years the National Ranching Company

(NARCO) with its initial 15 ranches and a total land holding of 630. 000 ha. has

remained to be the major commercial beef cattle producer in the country (MLDF, 2009).

Apart from the government owned ranches, recently there have been some private

investors and smallholder farmers who are engaging in ranching and feed lot business

(Mawona, 2009). Other private feedlot investors as reported by Njombe and Msanga

(2009) include Glienshils Ranch and Mtibwa Fcedlot (Morogoro), Sumbawanga

Agricultural and Animal Feeds Industries (SAAFI) in Rukwa. Manyara Ranch (Arusha)

and Kisolanza Farm (Iringa). In addition, there are small scale livestock farmers in

Arusha, Mwanza, Shinyanga and Mara regions who either grazing andare

supplementing beef cattle or conducting small and medium scale feed lots (Mawona,

2009). Despite these efforts, however, these fcedlot innovators are lacking information

various indigenous cattle breeds will respond when fed such diets. This may strongly

sound scientific information.

Inadequate supply of quality beef from Tanzania in local beef markets cannot be

disputed. This is evidenced by the amount of imported and exported meat including

exportation of live animals during 2004/05 to 2007/08 as given in Table 1. The data

indicated more imported meat than exported meat a situation that is not healthy for the

growth of beef industry. To meet such demand for quality beef calls for value chain

studies that will explore and document the possibility of producing, processing and

on appropriate feeding packages for fattening cattle under feed lot conditions and how

suggest that there is a need for research to quantify such feeding packages based on
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marketing quality beef of acceptable consumers choice and preference for both the

domestic and export markets.

Table 1: Import and export of meat and meat products (metric tons), and

exportation of live animals as from 2004/05 to 2007/08

Item 2007/08

1060

Source: National Bureau of Statistics (2009)

In Tanzania, efforts to reduce the beef supply gap and increase income of livestock

keepers' have been initiated by the Ministry of Livestock Development and Fisheries

(MLDF) and other institutions aiming at improving the quantity and quality of beef from

the indigenous cattle (Luziga, 2005; Mwilawa el al.. 2007; Madsen el al.9 2007). At

Sokoine University of Agriculture (SUA), a major project is on going attempting to

produce quality meat through market access and improved feed utilization (Kimambo et

al.t 2010). Previous efforts were made between 1974 and 1986 at Kongwa and Mkata

ranches through introduction of temperate beef breeds such as Hereford, Angus, South

Devon, Limousin, Charolais, Simmental, Brahamn, Brown Swiss and Friesians for cross

breeding with Boran. This programme showed promising returns although it was

discontinued due to lack of finances and due to inconsistency in policy issues. In 1990, a

programme in favour of using Boran and Boran x TSHZ as beef animal was introduced

(Mpiri, 1990). This breeding programme was, however, carried out only under

2004^05

Import
Export

4796
1996

709
195

2772
874

Cattle
Goats

Years 
2005/06________ 2006/07

Meat and meat products (metric tons) 
873 640

4 92
Exportation of live animals in numbers 
2542 1706
1852 800
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commercial beef ranches in Tanzania, [National Ranching Company (NARCO)] and

therefore had little impact achieved in the productivity of the national indigenous cattle

population under traditional sector (MLDF, 2009). Thus a need to extend such breeding

programme to a national level for improved quality beef

Breeding programmes and improved nutrition manipulation for production of quality

beef interventions are possible if other resources are put in place. It is known that the

beef industry in Tanzania is also characterized by poor slaughter houses, water supply

and market access. Njombe and Msanga (2009) reported that there are few slaughter

the slaughter houses in Arushahouses which are of accepted standards. These are

(Sakina abattoir), Dodoma (Dodoma abattoir). Morogoro (Glienshils abattoir) and

Sumbawanga (SAAFI abattoir). Recent report by MLDF (2009) indicated that there are

other two modern abattoirs under construction at Ruvu in Coast Region and at Shinyanga

town in Shinyanga region. Proper slaughter houses necessary for production ofare

quality beef acceptable in local and export markets.

2.2 Factors that Influence Quantity and Quality Beef

Various factors have been reported to influence increased production of quantity and

quality beef (FAO, 2005), Njombe and Msanga, (2009) indicated various factors that

constrain productivity of the beef industry in Tanzania to include low genetic potential of

the indigenous cattle, inadequate infrastructure, inefficient marketing system, prevalence

of animal diseases, poor technical support services and weak livestock farmers*

organizations. The type of production systems that exist in the agro-pastoral and pastoral

in Tanzania and elsewhere in East and Central African countries is miraged byareas



12

many problems accounting to low beef productivity (Otte and Chilonda, 2002; ILRI,

2003).

Das and Mkonyi, (2003) indicated that low genetic potential of the indigenous cattle

contributes significantly to low livestock productivity. For example, the Tanzania

Shorthorn Zebu (TSHZ) cattle are rather small framed and stocky animal, characterized

by low productivity (Mpiri, 1994, Njombe and Msanga, 2009). Similar views were

decribcd by Kurwijila and Ki faro (2001); Mwatawala and Ki faro (2001) and Das (2009).

Such poor characteristics lead to low productivity of the beef industry. Comparing

performances indices of Tanzania cattle with other performances elsewhere. Trail et al.

(2010) reported higher reproductive performance indices of calving rate (71 and 85%),

low mortality rate (11 and 7%) and high mature weight (270 and 284 kg at 2 years) fbr

Africander and Tuli respectively in South Africa. Similar high reproduction and

observed in Botswana with Simmental xTswana andproduction performance was

Brahman xTswana crosses under intensive beef production system (Trail et al.. 2010).

The authors concluded that proper crossbreeding and selection of the right strain among

the indigenous cattle improves the performance of the beef industry producing carcass of

the right size. This conviction could also apply to Tanzania conditions both in short and

long term breeding programmes.

The beef industry in Tanzania is further constrained by poor nutrition which is

contributed by inefficient utilization of the available feed resources (Nandonde, 2008)

coupled with seasonal variation of feedstuffs in both quantity and quality (Doto et al.9

2004). In most cases animals depend on communal grazing during the rain season and

residues/by products during the dry season. Such a situation leads to lowcrop
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productivity even when cattle of high genetic potential for beef production arc used.

Recent work by Nandonde (2008) reported on the surplus quantity of concentrate feeds

available in Tanzania that could be used to improve nutrition of animals particularly

under feedlot conditions. Among the potential available feeds include maize grain

(62.000 tonnes), maize bran (565.944 tonnes) and rice polishing 88.800 tonnes)

distributed in few regions of Tanzania which do not necessarily coincide with regions of

business. A decision must be made either to move the animals to areas where feeds are

available or move feeds to areas where animals are available. Such decision, however,

must be based on sound economic principles. Tanzania is endowed with ample land that

provides fbragc resource base. Njombe and Msanga (2009) noted that out of the total

88.6 million ha of land resource, 60 million ha are range lands suitable for livestock

grazing, able to carry up to 20 million Tropical Livestock Units (TLU) where 1 TLU

250 kg liveweight as reported by Chilonda and Otte, (2006). However, due to tsetse

infestation and other constraints, only 40% of the rangelands is utilised for grazing cattle,

goats and sheep under extensive system. This area is inadequate for grazing animal

population and is poorly utilized leading to overgrazing and land degradation thus low

productivity.

It is well documented that the pastoral and agro-pastoral production systems are

characterized by low productivity. FAO (2005) indicated that mature cows weigh 230 kg

and mature bulls weigh 322 kg in semi-arid areas under pastoral production while mature

cows weigh 246 kg and mature bull weigh 326 kg under agro-pastoral production at 6

years of age. In the tropics animals have low growth rate and sometimes loose weight

during the dry season. The extent of loss, however, is depending on the severity of the

higher livestock concentration. This has many implications in initiating feedlot as a
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drought (ILRI, 2003). Likewise, in the rain season, the animals may gain weight

depending on the available grazing land and this gain may range from 450 - 710 g/d but

this gain is for a short duration (ILRI, 2003). In Tanzania, cattle from traditional

production system that are taken to the market are of low live weights. Das (2009)

estimated that on average the mature weight of cows and bulls is 220 and 290 kg when

cattle are brought fbr sale in primary and secondary markets. The low mature weight

could be due to poor nutrition brought about by chronic overstocking on already denuded

feed resources. On other hand Mwilawa (2004), argued that there is a need to evaluate

and develop alternative beef livestock production systems that can result in improving

efficiency and profitability. This is because open rangelands which have been supporting

large numbers of cattle are now diminishing due to increasing human population and

increasing demand fbr use of these open rangelands fbr crop production. Such factors

have been conceptualized in Fig.l.
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Figure 1: Factors affecting quantity and quality of beef

As indicated in Fig. 1, they are quite interrelated in the whole production value chain for

production of quality beef. These include the beef production systems (Njombe and

(Sanudo et cd., 1998) and ageMsanga 2009), breed (Andersen et al.. 2005b), sex

(Jeremiah et al., 1998). Others are nutrition (Andersen et al.t 2005a), period in and time

to stay in fcedlot (Schoonmaker et al.9 2002), transportation of animals to slaughter

house (Simmons et al., 1997), slaughtering techniques (Anderson et aL9 2005b; Wood et

aL, 1999), handling of carcass after slaughter (Strydom et aL, 2005; Sentandreu et al.9

2002), ageing of meat (Saveli et al.. 2005) and processing of meat (Hwang and

Thompson, 2001).

The factors, alone and in combination affect meat quality in complex ways and it is not

possible to review all these factors and their interactions in this chapter. The review will

therefore be limited to effects caused by the beef production systems, nutrition, breed

sex, age, liveweight and/ or age of animals at entry and period of stay in feedlot and

Sex

Feeding as reflected by 
the production 

systems



16

ageing. Possible areas of practical interventions and the financial analysis of finishing

cattle under feed lot condition are also reviewed.

2.3.1 Beef production systems

Beef production systems vary from primitive to relative advanced system and have great

influence to the quantity and quality of beef produced. In Tanzania, beef production

ssslem falls within the major livestock production systems which have been grouped into

traditional and small-scale commercial production systems (Njombe and Msanga, 2009).

The traditional systems include the pastoral, agro-pastoral and mixed crop-livestock

systems. In broad sense the production system have been described to be extensive.

semi-intensive and intensive production systems (MAFS. 2003).

2.3.1.1 Extensive system

Extensive system include traditional (pastoral and agro-pastoral) and commercial

ranches. The traditional livestock keeping system under pastoral is characterized by long

migration opportunistic, flexibility and risk spreading while searching for pasture and

Under pastoral production system, animals depend on natural pasture whichwater.

fluctuates in quantity and quality with season and thus availability of feeds is not certain.

Under such situation Mwatawala and Kifaro (2001) reported that growth rate of animals

is low attaining mature weight of 235 to 260 kg for cows and 260 to 285 kg for bulls

during the dry season and 250 to 295 fbr cows and 270 to 320 kg for bulls during the wet

It is likely that the indigenous cattle available in Tanzania cannot be blamed fbrseason.

their low performance as their genetic potential has not been fully exploited. According

to MLDF (2009), commercial ranches in Tanzania are grouped under extensive beef

production system where animals depend mainly on natural and little improved pastures.

Supplementation is rarely done and may consider particular herd category, for example
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sick animals and milking animals. Although, the ranches in Tanzania have been put

under extensive systems, the productivity in these ranches is much higher than in

communally grazing due to management improvements practices likeareas some

improved pastures, deworming, disease control and use of breeds of larger frames like

Boran (Mpiri. 1991).

2.3.1.2 Scmi-intensivc system

The indigenous cattle breeds have also been raised under semi-intensive systems with

better expression of their genetic potential than when raised under extensive system.

Callie in this system are normally grazed and finished either on good pastures or have

to concentrate supplemention. It is commonly practiced in most agropastoralaccess

production system where harvested crop residues arc conserved and fed to beef animals

prior to market or taken fbr slaughter. The practice is also common in most commercial

ranches (MAFS. 2003). In such ranches animals graze on pasture and supplementary

feeds such as conserved forages (hay) and crop residues. Under commercial ranches

therefore, animals perform better than any other systems under semi-intensive system.

Mpiri (1991) reported mature weight of 256 kg for cows and 345 kg fbr bulls fbr the

indigenous cattle when raised under NARCO condition.

Other systems, like agropastoral where semi-intensive system is practiced (MAFS,

2003); the system is less efficient since animals usually take long time to reach maturity.

Mpiri, (1991) reported that under this system the off-take rate is low 8 to 23% which is

higher than that of extensive system (6.5 to 10%) and lower than expected standard of

40-50% (MLDF, 2009). It is therefore, viewed that, under good animal management with

optimal supplementation the semi-intensive system may give cost effective result in

terms of increasing quantity and quality beef
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2.3.1.3 Intensive production system

This system entails confineinenl of animals in most of the time and feed is usually

brought to the animals. Cattle arc either reared and fattened (or their whole life out in the

field on pasture, or managed at some stage of their life under confinement (Payne, 1990).

The system is characterized by high inputs and market oriented. The economics of

inlensive production depend upon, among other factors, type of cattle available, the level

of management and use of least cost concentrates that will give quality bee^ at

acceptable price locally and export markets. Such system, need to be a commercial

oriented production system. Feedlot finishing arc known world wide to meet such a

condition.

Intensive system under feedlot condition is mostly applicable when beef animals are to

be fattened or finished for specific markets. In most cases, animals may be confined

under constructed buildings. There is intensive utilization of agricultural by-products and

other related commercial fattening feeds. The greatest advantages of feedlots are

effective conversion of the feeds used, control of cattle movement and therefore little

damage to livestock environment impact.

Animals finished under feedlot condition, have shown to increase muscle turnover and

content of intramuscular fat and thus improve meat tenderness and juiciness (Webb and

O'Ne山，2008). In addition the system allows considerable increase in efficiency of gain,

slaughter weight and significantly increase the dressing percentage from 45% to 60%

(Annet, 2005). Feedlot practice have further shown to increase efficiency of quality beef

production, adding carcass value and increasing the return to investment when the feed

resources are abundant and purchased at relatively low costs. However, very often such

system requires animals with high genetic ability to economically convert feeds into

gain. In Tanzania feedlot system has been practiced at Mtibwa Sugar (Luziga, 2005) in
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Morogoro region with ADG of 1130 g/day using Boran crosses. Other small fcedlot

enterprises also have been reported to practice fattening in Mwanza and Shinyanga

regions (Mawona, 2009), although the quality of the beef produced has not been

evalutated.

2.3.2 Nutrition effects on quantity and quality of beef

Nutrition of beef cattle is by far the most important and pertinent factor for increased

quantity and quality of beef. Among the components that are considered in the nutrition

of beef cattle arc type of feeds and availability, their combination and feeding strategies

based on lhe animafs requirements that will result into increased quantity of acceptable

beef quality with high consideration on health issues to the consumers.

2.3.2.1 Availability of feed resources

fhere arc various feed resources which are used in beef production particularly under

feed lot condition. These feeds are mainly grouped into roughages and concentrates.

also important for a successful beefLikewise, minerals and vitamins supply are

production. According to McDonald et al. (2002) the quality of the feeds is determined

by nutrients concentration, digestibility and intake. In beef production, the most

important nutritional aspects that have significant influence to increased quantity and

quality of beef are the energy and protein value of the feed (Weisbjerg et aL. 2007).

Feed resources available fbr possible use in fattening cattle under feedlot conditions in

Tanzania have extensively been reviewed and studied recently by Nandonde (2008) and

Mtaita (2010). Such feeds include energy sources such as rice-polishing, wheat-bran,

wheat-pollard, molasses, maize grain and maize bran, whereas protein sources are
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mainly sunflower seedcake and cotton seedcake. Osuji, (1999) reported that roughages

are the cheapest and natural feed fbr cattle that are used to optimize protein and energy

intake and to reduce the incidence of digestive disorders. Although the amount of

roughages produced in Tanzania has not been accurately documented. Kimambo et al.

(2004) reported that some natural pastures and crop residues, which could be used as

animal feed, are wasted in the fields. This is because roughages are burned and there is

also poor forage harvesting and conservation (hay and silage). These roughages forages

available usually are low in energy and protein concentration (Doto et al.. 2004) to make

up the whole ration fbr beef production. However, roughages arc extremely necessary fbr

providing physical structure fbr maintaining a healthy rumen. Concentrates are feeds of

low crude fibre (less than 20% CF) and high in total digestible nutrients, however,

different concentrates have different nutritive values which make them to differ in

quality. The nutrients concentrations fbr the local feeds have been tabulated by Laswai et

al. (2000) and Doto et al. (2004) and could be used to guide in estimation of chemical

composition of various feedstufls fbr ration formulations.

Z.3.2.2 Available energy concentrates

Energy and protein concentrates are available feed resources and important particularly

for fccdlot animals. Some of the potential typical feeds fbr use in feedlots, their chemical

composition, digestibility and energy value are presented in Table 2 (Van Soest, 1994;

Doto et al., 2004 and Sauvant et al.9 2004). Maize grain is one of the best energy dense

feedstuff with ME 13.6 MJ/kg DM and is widely used in feedlot ration (Andersen el al.9

2005b; Sauvant et al.9 2004). However its major limitation as feed fbr cattle has been its

competition with human particularly in developing countries where maize forms the

main staple diet of the people (FAO, 2005).
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Table 2: Potential concentrates reeds for use in fecdlot and their chemical

composition

OM ME

Bran

3.5 80 1392 7.3 52 25 2.2 12

28 6.6 47 12. 58 9.892 5.3 2.2

1.0 7.0 0.5 1.2 913.0 1287 5.1
DM = dry matter; OM = Organic matter (Digestibility (%)); ME = Energy (MJ/kg DM)

Source: Weisbjerg et al. (2007)

Brans from various sources such as rice, maize and wheat (Table 3) can form a source of

feed for fattening animals. Brans are generally higher in crude protein, and fibre with

low to medium energy concentration than the grains. However, brans just like grains are

generally low in calcium but has medium to high phosphorous concentration (Weisbjerg

et qL, 2007) When fed in combination with molasses it can form an ideal fattening diet.

Molasses can also be fed in high amounts to beef animals without causing health

problems such as acidosis (Bailey et al.t 2004).

Molasses is another important locally available agro-industry by products used in feedlot

rations as reported by various authors (Preston and Wills, 1974; Annet, 2005; MLA,

2006; Nandonde, 2008). In addition molasses is very popular for draught feeding and is
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9.8
14

88
90
87
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14
15

69
72
89

14
1.4

11
13
11

9.6
8.6
6.2

73
89
71
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11
18

38
34
12

92
92
88

4.6
11
5.8

5.5
12

29
43

3.5
8.7
4.6

11
22
9.4

26
28
38

0.5
0.8
1.1

86
92

73
92

6.4
5.7
5.8

0.4
5.5

5.4
0.2

3.9
3.5
2.7

0.7
3.6

6.2
16.
12

Colton seed
decorticated
Cotton seed
uncorticated
Sunflower
Sunflower fat rich
Soybean meal
Unconventional feeds
Cassava meal

DM % of dry matter
(%) Ash Crude Crude NDF Ca P 

protein fat

Molasses 
Grain

Concentrates 
Cane 
Maize 
meal 
Maize 
Rice 
Wheat

Oilseed cake
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also used a carrier fbr protein and mineral supplements (MLA, 2006). Molassesas

contains approximately 10.3 MJ ME per kg DM making it an excellent source of dietary

energy. As a rough guide, molasses is often the cheapest source of energy. Molasses is

tasty, and therefore can improve palatability of a ration and have its ability to bind dusty

foods. Sugar often affects rumen metabolism towards more propionic acid pathway. In

addition molasses which favour fattening contains many minerals that are important for

optimum animal health and performance. Molasses is high in potassium, sulphur, iron

and manganese and contains many other essential minerals (MLA, 2006; Weisbjerg et

al.. 2007).

Under feed lot conditions, molasses-based diet achieved live-weight gains of more than

1400g/day when molasses constitutes 45-60 per cent of the animals1 diet. The study also

found that replacing feed barley or maize with 29 to 50 % molasses had no effect on

meat eating quality, tenderness or meat and subcutaneous fat colour (MLA, 2006).

Molasses has been promoted fbr feed lot animals in Tanzania due to its easiness in

availability in some of the sugar industry in the country like Mtibwa, Kilombero, Kagera

and Moshi (Arusha chini). The factories are far from where livestock are available

suggesting that consideration should be given to transportation costs of molasses (Aneth,

2005; Madsen, 2005).

Z.3.2.3 Available protein concentrates

In Tanzania, oil seed plants produce inevitable agro-industrial by-products which are

important as plant proteins fbr animals, major ones being cotton and sunflower seed

cakes. Fat content vary highly according to the facilities used fbr oil extraction, and can

be above 20 % of DM fbr on farm ram pressed sunflower cake (Weisbjerg et aL9 2007).
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Other protein sources known arc soy bean cake which is a high protein and high energy

concentrate, less dependent on decortication than cottonseed and sunflower as soy fibre

■re highly digestible, Generally, oilseed cakes and meals are low in calcium and medium

to high in phosphorous (Weisbjerg et al.. 2007).

Where nitrogen is limited, like the case of molasses, the feedstuff of choice is urea the

be incorporated in most feedlot diets. Various studies have reported that urea is

physically easy to ieed (Magalhaes et al.. 2006). However, urea can be toxic when used

in excess, and inexperienced operators should not attempt to use more than 1% in their

ration (Barajas and Zinn, 1998). Urea is used to stimulate the intake of high concentrates

diets because when molasses is used the energy pool in the is utilised torumen

synthesise microbial protein from NPN, thus minimising the chances fbr acidosis that

would have occurred when using high levels of molasses (Cooper et aLt 1999; Bailey el

al., 2004). However, the recommended level of urea supplementation should not exceed

13-23 g/day per cow (Magalhaes et al., 2006). This is to ensure the rumen microbes have

adequate NPN supply to utilise the energy from molasses that is degraded at the same

rate in the rumen (Mghcni et al.t 1994).

23.2.4 Available roughages

The main roughages available for feedlot feeding are straw, stover and hay. These

forages are all too low in energy concentration to make up the whole ration in a feedlot;

however, forages are necessary fbr providing physical structure fbr maintaining a healthy

Some typical feed values fbr the three forage types are given in Table 3 (Doto etrumen.

qL, 2004; Van Soest, 1994). Some forage like maize silage have the potential for an

fertilizer or animal grade. Urea is non-protenous nitrogen (NPN) ingredient which can
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energy concentration high enough to make up most of the ration, and could be an option

if the local situation allow for cultivation of maize in large scale, or competitive

cultivation of other energy dense forages. An alternative to total feedlot might be day-

lime grazing if good pasture is available, and feed lot feeding at night-time, feeding

concentrate when the cattle return to the feedlot in the evening and before leaving for

pasture in the morning.

OM ME

2.3.2.S Grazing and grain feeding

Beef is produced cither extensively from pastures or semi-intensively or intensively in

feedlots. In Tanzania majority of cattle are finished from pastures and the meat is

generally tough. In general, carcasses from feedlot-fed cattle are heavier and contain

from forage-fed cattle (du Plessis, 2007). Hale et al. (1998)fat than carcassesmore

reported that, neither natural pastures nor improved tropical pastures, meet the nutritional

requirements of ruminants for optimum production. The main limitation reported by

these authors and others was the low availability of forages and associated low nutritive

pasture, either native pastures at low stocking rates or improved pastures at higher

stocking rates, seldom exceeds 1000 g/day and maximum growth occurring during the

wet season and at low stocking rates (Whiteman, 1985). Hence, finishing cattle on

Table 3: Potential roughages for use in fecdlot and their chemical composition

Forages DM % of dry matter
(%)

Stover
Straw-

Ash Crude Crude NDF Ca P 
protein fat

8.1
5.5
3.3
13

9.2
6.0
6.2
9.0

Maize 
Rice 
Wheat 
Grass

7.1
16

3.1
9.2

75 3.8 2.0
76 3.0 1.4
82 3.6 0.9
56 5.1 2.9

85 7.1 8.1 1.3 75 3.8 2.0 69
85 16 5.5 1.9 76 3.0 1.4 48
85 3.1 3.3 1.9 82 3.6 0.9 44

Silage Grass 20・40 9.2 13 4.0 56 5.1 2.9 63
DM = dry matter: OM = Organic matter (Digestibility (%)); ME = Energy (MJ/kg DM)

value during the dry season (Whiteman, 1985). The growth performance of cattle on
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pasture could relatively be cheap but may limit the increase in quantity and quality of

beef.

2.3.2.6 Feeding manipulation for production of quality beef

Animals under feed lot can be victims of urea, molasses toxicity and/or acidosis if the

feeding manipulation is not well planned. The objective of feedlot is to feed high energy

diets so that the animals attain fast ADG and achieve slaughter weights at the shortest

possible time. Forstrer (2005) reported that cereal grain is the principal source of energy

in diets of feedlot cattle in many parts of America where finishing diets which will give

satisfactorj* weight gains at minimum health risk is recommended to be composed of

75:25 lo 80:20 grain to roughage ratio. Cheng el al., (1998) was of the opinion that grain

to roughage ratio can vary from 50:50 to 90:10 depending on the cost and how animals

gradually accustomed to the diet. An illustration is presented using the followingare

table that show calculated ME that steers must be fed on daily basis for most Central

African countries for steers kept on intensive and extensive production systems (Table

4).
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Variable Liveweight of steer (kg)

150400 400 300 200

Rate of growth (kg/day) 11.25 1 1 1

Energy Concentration in Diet (MJ/kg) 10.510.5 10.5 10.5 10.5

Energy value of gain (MJ/kg)* 20.9 12.520.9 16.7 12.5

Energy Retention above maintenance (MJ ME) 26.1 16.7 12.520.9 12.5

Required to cat fbr production ((MJ ME) /day 28.6* 60.2 48.2 39 28.6

35.6 26.5 2244.7 44.7

53.6 26.453.6 42.7 31.8

104.9 92.9 74.6 55.1 50.6J'oial dietary required (MJ ME) /day

113.8 101.8 81.7 60.4Total dietary required (MJ ME) /day- Ext. 55

I nt. = Intensive; Ext. = Extensive

* Source: Topps and Oliver (1993)

2.3.2.7 Nutrient requirements of Beef cattle

Understanding the nutrient requirement of beef cattle will guide the level of nutrition

particularly energy level to be provided from the diet. According to AFRC (2003), the

performance of growing and finishing cattle is largely determined by voluntary feed

intake, (VFI) so that manipulation of proportion of concentrate to achieve a certain target

rate of live weight gains is critical. The energy value fbr gains in cattle, usually vary

widely between 10 ME MJ/kg of gain for young weaned bulls to 30 ME MJ/kg of gain

fbr finishing heifers of over 400 kg liveweight (Allen, 1992). The major reason for this

variation is due to differences in laying fat. As the rate of depositing fat increases with

age it requires more energy per unit gain compared with lean since fat has double the

Required fbr maintenance (MJ ME) /day - Int. *

Table 4: Calculated ME for daily feeding of steers in most Central African 
countries

Required fbr maintenance (MJ ME)/day 一 Ext. *
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energy concentration compared to protein (McDonald et aL, 2002) which is the main

content oi muscles. Similarly, the muscle to bone ratio is known to vary with breed and

sex of animal where the protein content of the gain varies from 140 to 170 g/kg of gain

(Allen. 1992) and 120 to 140 g/kg of gain (Topps and Oliver, 1993). NRC (2003) have

tabulated guideline while formulating rations, where quadratic equations have been made

to predict the energy value and protein of weight gains and suggested breed category into

early, medium and late maturing categories. Table 5 gives examples of the tabulated ME

(MJ/d) and metabolizable protein (MP) in g/d requirements that could be used to

estimate the gain while formulating rations.

According to NRC (2003) an indication of frame size is very important when estimating

growing and finishing cattle nutrient requirements and projected VFI. Although larger

framed cattle will generally have increased VFI, energy concentration in the feed that is

used for gain (NEg) is lower than that of medium framed cattle. Furthermore, protein

requirements for large framed steers have been based on requirements of medium

framed steers that weigh 15% less, thus leading to serious under estimation of protein

requirement for large framed cattle. Herd et al. (2003) and Schenkel et al. (2004)

reported variation in VFI based on animal size, growth rate and composition of gain.

Various authors (Topps and Oliver, 1993; NRC, 2003) have published on nutrient

requirements for beef cattle. An example of the nutrient requirement is given in Table 5

considering liveweight of the animal, maximum VFI, ME requirements and

metabolizable protein (MP) requirements in the diet. It is evident from Table 5 that

higher growth rate requires more energy and protein per kilogram gain at the same

liveweight.
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Table 5:

ADG
MP MP MEME

Energy value = 12 ME MJ/kg

1.25
Energy value = 13 ME MJ/kg

1.25
Source: ARC, 2003

2.3.2.8 Formulation of cost effective diet

Potential feeds can be scarce in supply and expensive for formulating cost effective diet

for quality beef production. Therefore it is important to consider alternative feed

combinations. . Rations composed of roughages have low energy concentration values,

which may range from 7.5 to 8.5 MJ/kg DM while energy rich-concentrates have high

energy concentration values that range from 12.5 to 13.5 MJ/kg DM (Topps and Olive,

1993; NRC, 2003). Thus when beef animals are fed roughages or grazed only, it can be

cheap but the diet will not have enough energy concentration. In Tanzania, feedlot

rations could be formulated based on locally available feeds.

Liveweight = 300
DMI 
(kg)

39
44
50
57

26
30
35

288
360
429

24
28
32
36

38
43
48
54

288
360
429
492

54
61
69

0.5 
0.75

249
328
402
471

249
328
402
471

3.7
4.2
4.8

2.9
3.3
3.7
4.2

41
46
53

288
360
429
492

324
392
456
515

324
392
456
515

0.5 
0.75

249
328
402

3.9
4.3
4.8
5.4

50
56
63
71

324
392
456

25
29
36
38

3.3
3.7
4.2
4.7

4.9
5.5
6.2

52
58
66
74

0.5 
0.75

2.4
2.7
3.2

2.1
2.4
2.8
3.2

4.3
4.8
5.5
6.2

1.9
2.1
2.4
2.8

(kg) (MJ) (g) 
Energy value = 11 MEMJ/kg

Energj- (ME MJ/d) and Protein (MP g/d) requirements of fcedlot bulls of 
the late maturing breeds (100 - 300 kg liveweight)

Liveweight = Liveweight =
100 200

(kg/d) DMI ME MP DMI
_________ (kg)

MP
(MJ) (g)

ME 
(MJ) (g)
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Weisbjerg el al. (2007) gave examples of ration compositions which could supply feed lot

cattle with sufficient energy and other nutrients to obtain a high growth rate if fed ad

Uhitiun.

lie emphasized that, undersupply of protein and calcium, and oversupply of fat in feed

ration need to be avoided, whereas oversupply with protein and minerals have minimal

eHect to production (Weisbjerg et al., 2007). On other hand, oversupply with energy

(kick of structure in total ration) could cause problems. It is obvious that the animals

need a certain minimum amount of fibrous feed to avoid health problems like acidosis as

reported by other workers (Magalhaes et al., 2006; Weisbjerg et al., 2007). and this has

to be monitored closely when aiming at maximum feed intake and weight gain. In

formulating fcedlot feeds, there is therefore the need to take into considerations the

availability, and nutritive value of the feeds and their accessibility of the feeds

throughout the feed lot period.

The quantity and quality of food which animals eat is considered to be one of the most

important factors that affect the productivity and profitability of livestock enterprise. The

beef animal requires proper and adequate feeding of energy, protein, minerals and

vitamins to meet both maintenance and production (McDonald et al., 2002). Important

minerals and vitamins to consider when formulating a feed lot ration include phosphorus,

in some instances it is necessary to add 0.1 to 0.5% salt to feedlot diets to meet sodium

requirements (Forstrer, 2005a; 2005b). Nevertheless, the most important nutrition

limitations to production are simply energy and protein (NRC, 2003). Norris et al. (2002)

reported that feed is the major single cost item among the variable costs in a feedlot

calcium, sulphur, potassium, sodium, vitamin A and E and other trace elements, where as
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enterprise and it can cost over 70% of the production costs. Thus thorough consideration

need lo be given in recommending proper feeding standards, duration of finish, costs for

feeds and type of animals, such that feedlotters attain reasonable economic returns

(Madsen et al.. 2004). Feed lot animals are introduced to grain diet gradually, increasing

the amount of grain and decreasing the amount of roughage. Currently, full concentrate

diet with no roughage in feedloting is rare and generally not recommended. In Tanzania,

no feeding standard is available that could be uscdfbr feeding feed lot animals. However,

Tanzania feedstuff table (Doto et al.t 2004) have been prepared and can be used for

tbrmulating diets.

2.3.3 Breed effects on meat quantity and quality attributes

Various authors have demonstrated the effect of breed on beef quality attributes (Table

6). The variation is great in all the parameters given (Table 6).
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Table 6: Slaughter weight, muscle percentage and toughness for different breeds

Breed Age Frame Slaughter wt Muscle (%) Tender Reference

size (kg) ness (N)

Boran 3y medium 310 52 Mpiri. 1994

ishz small 270 51 Mwatawala. 2001

S.Holstein large7 m 505 58 32 Monsoon, et al.. (2004)

B.Swiss large7 m 550 Monsoon. et al.. (2004)62 29

Limousin large7 m 561 Monsoon, et aL, (2004)68 26

B.d'Aquitain large Monsoon, et al.. (2004)7 m 617 74 27

med-

large 58 Frylinck et al.. (2006)Bonsmara 467 73

Med-

Frylinck et al., (2006)57Luli large 418 73

Fryiinck et al„ (2006)61medium 54Nguni 324

De Sonet et al.. (2000)70large 688Belgium Blue bulls

It is evident that breed have significant impact on increased meat yield. Table 7 indicate

that breeds like Spanish Holstein, Brown Swiss and Limousin, although they are of

young age but have higher slaughter weight and more meat yield percentage compared to

Boran and TSHZ. Similar information were reported by Du Plessis and Hoffman (2007)

who indicated that larger frame-sized is associated with greater growth potential, longer

finishing periods and heavier slaughter weight when compared to small framed breed

under the same feeding regime. In US, Dhuyvetter, (1995) found that large frame steers

and heifers produce choice carcasses only when their live weight exceeds 544 and 454

kg, respectively. Medium frame cattle are expected to produce choice carcasses at live

weights of 454 to 544 kg for steers and 363 to 454 kg for heifers. Small frame steers and

heifers would produce choice carcasses at live weights of less than 454 and 363 kg,

respectively. Thus liveweight that correspond to a given carcass grade is a function of

mature size and hence indirectly reflecting the frame-size of the animal. It is evident
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grade.

Growth rate measured as an average daily gain (ADG) has also been reported to be

influenced by breeds. Frjlinck el al. (2006) indicated that reasons fbr differences in

ADG performance between breeds could be a ftmetion of genetic potential and stage of

physiological maturity. Hornick el al. (1998) working with Beligian Blue bulls, which

under feedlot condition. In US, significant breed differences on ADG fbr Bos taurus

cattle have been reported to been 1300, 1270 and 1260 g/d fbr Angus, Brahman and

Hereford respectively. These values were higher than values of 1020 and 970 g/d found

Bos indicus cattle of Boran and Tuli respectively fed high concentrate diet (Ferrell and

Jenkins, 1998).

Animals with large body frame, however, have high maintenance requirements but their

yield preferred table carcass cuts (Schoonmaker et al.t 2002). This implies that these

animals arc the best candidates fbr beef production under feedlot condition. The only

pertinent question is will the breed be adaptable to the tropical condition when imported

to Tanzania since they are not indigenous to Tanzania?

Breed differences on meat quality have well been reported with muscles from Bos taurus

being tenderer than muscles from Bos indicus cattle. Studies by Shackelford et al. (1994)

and Wulf et aL (2002) suggested that genetic differences in beef tenderness were

associated with variation in the rate and extent of muscle proteolysis that occurs during

post-mortem storage of fresh beef This is because the calpastatin activity which consists

of two calcium-requiring enzymes, (jx-calpain and m-calpain)9 and an inhibitor

therefore that TSHZ, which has small frame-size will produce small carcasses and of low

high growth potential and their efficiency fbr energy use fbr gain; give carcass which can

are large beef breed and of early maturity, found a high ADG (1320 g/d) when finished
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(calpastatin), is believed to be the primary proteolytic enzyme system involved in post­

mortem tenderization of the aged beef. A study by Andersen et aL (2005a) have

indicated that calpastatin activity, measured at 24-h post-mortem, have been implicated

in causing tenderness differences in beef between Bos taurus and Bos indices cattle. One

of the possible causes for the difference in tenderness between Bos indices and Bos

taurus breed crosses was identified to be the calcium-dependent protease inhibitor which

affects the fragmentation of myofibril, one of the important components that affect

tenderness. Andersen et al. (2005a) also reported that the breed difference in eating

quality between Bos indicus and Bos taurus was associated with in vivo differences in

muscle protein turnover, being lower in the Bos indicus than Bos taurus.

The quality of beef has also been reported to be influenced by breed on deposition of fat

under fecdlot conditions (Notter et aL. 1991). The difference has been shown to be

associated with muscle physical and biochemical properties in the carcass (Santos-Silva

significant effect in increasing the market value of the meat. Webb and O'Neil, (2008)

indicated that such attributes have a significant contribution to meat flavour, juiciness

and tenderness. Notter et al. (1991) working with unimproved pastoral cattle, reported

that it is possible to profitably increase the yield of edible carcass per animal by between

30 and 50% during 10 weeks in the feedlots. However parameters on meat quality

attributes were not measured.

In Tanzania, beef quality attributes have not been measured either. Most parameters on

the ADG and slaughter characteristics have been done in ranches and slaughter houses

for grazing animals for indigenous cattle. Recent work (Mushi et al.9 2009a; Safari et al.9

et aL. 2002). The increase in weight coupled with laying down a layer of fat has a
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2011) has reported on meat quality from supplemented goats and sheep which cannot

compare well will cattle breeds. There is therefore the need fbr research that will assess

the beef quality attributes important fbr production of quality beef (slaughter carcass and

meat characteristics).

2.3.4 Sex effects on meat quantity and quality

The properties of a muscle is their visual appearance, physiological parameters or

biochemical characteristics are a reflection of the proportions of types of muscle fibres

present which most often is related to sex of the animal. Sex of the Animal has been

considered to influence the acceptability of beef Andersen et aL (2005a) reported that

meat from bulls is usually less tender compared to meat from steers and this is due to the

rate of proteolysis post-mortem in favour of steers. However, bulls have been reported to

gain body weight more rapidly, and produce carcasses that have larger LD muscle area

and yield heavier carcass with better conformation and better joints when compared to

cows and steers (Fiems et al.t 2003). This may imply that bulls may be mostly preferred

because the factors such as control of stress and other management factors that influence

tenderness are easily controllable in developed countries. In the tropics, however, steers

is a tool mostly used fbr breeding management in most tropical countries.

2.3.5 Effects of age on meat quantity and quality

Liveweight and carcass traits of economic importance are known to be influenced by the

age of the animal. Within animal, ADG and the resultant carcass weight and components

of the body increases exponentially with increase in age (Berg and Butterfield, 1976;

Lawrence and Fowler, 1997; Andersen et aL, 2005b). Thereafter the liveweight and

are preferred because these animals are readily available (Nandonde, 2008) as castration

carcass weight increases at a decreasing rate so that at mature weight the asymptote of
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growth reaches zero (Hammond et aLy 1971; Therkildsen, et aL, 2004). The increase in

dressing percentage (Hornick et aL, 1998). The carcass composition also changes with

age with the proportion of fat increasing at fast and bone decreasing because these

tissues arc late and early maturing respectively (Berg and Butterfield, 1976; Therkildsen,

et al., 2004). Therefore decision to slaughter animals of given fatness and grade is

entirely under mans manipulation.

Meat tenderness has been reported to be influenced by animals' chronological age. As

toughness increases mainly due to nature and concentration of

connective tissues (Jeremiah et al.9 1998). Age of an animal influence the taste of meat

consumed and young animals are more tender and less taste than older animals

(Christensen et al.t 2007). This is because the protein breaking down enzyme system

decreases as an animal gets older. So, paradoxically, aging the meat by leaving it to hang

for some weeks works best with younger animals. Likewise, as animals gets older the

amount of connective tissue (collagen) increases (Sanudo et aL. 1998). More

importantly, the degree of interconnectivity of the collagen increases with age, which

results in the collagen becoming resistant to dissolution in cooking. Thus, meat from

older animals can become more resistant to tenderisation in cooking, and require longer,

slower cooking, time in order to break the greater amount and connectivity of the

collagen (FAO, 2005). Mushi et al. (2006) in his review reported that meat tenderness

decrease with animaPs chronological age and have reported increase in fibrousnesses

with age. As also discussed early Msanga et al. (2001) ,also indicated that the degree of

maturity affects the development of bone, muscle and fat tissues, where in young animals

the growth rate of skeleton is high and as the animal ages, deeper muscling of the

the age increases,

dressing percentages merely reflect the differential rate of growth of the carcass and

non carcass components, the carcass growing at iaster rate and therefore increasing in
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skeletal frame occurs. At latter stages, fat deposition under the skin (subcutaneous fat)

and around the muscular carcass i.e. fat marbling. The toughness of meat is also

attributed by the shortening of the distance between connective tissues and shortening of

length (Saveli and Cross, 1988; Koohmaraie et aL, 2002). There issarcomere no

information available on such data in Tanzania for indigenous herd of cattle.

2.3.6 Effects of age at entry and period of stay in the feedlot on yield and quantity of

meat

Age at entry to the fcedlot have been reported to have significant impact on response of

the animal to nutrition in terms of ADG, slaughter weight, carcass weight and thus

financial implication to the feedlot entrepreneurs. A study by Schoonmaker et al. (2002)

indicated that earlier feed lot placement accelerates finishing and produces young, higher

marbled bee£ but with lower carcass weight. As feedlot entry age increases in animals,

intramuscular fat deposition tend to be deposited very fost and may result to an

overweight and over fet carcass. Schoonmaker et al. (2002) dealing with early weaned

calves under feedlot condition found that average daily gains of 1.62, 1.47 and 1.21

kg/day and voluntary feed intake (VFI) of 7.1, 8.1 and 10.5 kg/day were observed

when fed for 111, 202 and in 371 days respectively. Such a good response may imply

that the growth rate decreases and VFI per day increases with increasing period of stay

under feed lot. In this study carcass weight and LD muscle increased with length of stay

at feedlot. This may imply that manipulation on the age of entry and days of stay in the

feedlot can have impact on the quality of beef produced among the indigenous cattle in

Tanzania.
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2.4 Performance of Beef Cattle and Meat Quality Attributes

2.4.1 Growth performance

Improvement in quantity of beef have mainly been assessed through increased in average

daily gain (ADG) while improvement in quality have mainly been on acceptance of the

meat mainly through tenderness. The ADG (kg/d) is normally calculated from final

liveweight (kg) of the animal minus the initial liveweight (kg) divide by duration of gain

(day). Growth perfbmance of beef cattle has been assessed by various workers using

ADG parameters. Skunmum et al. (2002) improved average daily gain of beef breed

from 707 g/d to 794 g/d with crossbreeding and from 623 g/d to 777 g/d under good

nutrition. Improved nutrition and crossbreeding of Holstein-Friesian in different studies

found that the ADG increased from 800 to above 1000 g/d (Nijthavom, 1995; Skunmum

et aL, 2002). Several studies under feedlot condition have been conducted in Africa

aiming at improving the quantity and quality of beef produced using different breeds and

diets (Table 7).
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Boran Steers
(lOwks) 1000 (Kenya)

883
581

1350

1360

1170

1330

Commercial feedlot diet 1510

1520Commercial feedlot diet

2300
1490
1100

1430
(2008) (Sudan)Bulls (56dys)

Jepsen and Creek
1976 (Ethiopia)

Boran (10 wks)
Arussi (10 wks)

Charolais
Charolais X Nguni
Western Sudan
Bulls (56 dys)
Western Sudan

(2008)(Sudan) 
Mohammed et al.

Commercial feedlot diet 
Commercial feedlot diet 
Unprocessed sorghum + 
traditional concentrates 45% 
Processed sorghum + 
traditional concentrates 100%

Maize grain (53%); Maize 
Silage (33%); Molasses 

(11%)
Molasses (48.5%); Maize 
grain (8.6); Niger s'cake 
(21.7%) Eragrostis (20%) 
Diet based on byproducts

Molasses (36%)

Maize (19 %)

Molasses (27 %)
Maize (32 %)
Commercial feedlot diet

Meissner et al. (1995) 
(S. Africa) 

Luziga. (2005) 
(Tanzania) 

Luziga. (2005) 
(Tanzania)

Frylinck et a/.(2006) 
(South Africa)

Frylinck et aZ.(2006) 
(South Africa)

Frylinck et 々1.(2006) 
(South Africa) 

Strydom, (2008) 
Strydom, (2008) 
Mohammed et al.

Holstein -early 
weaned (179 dys) 
Boran x Ayshire 
(107 dys) 
Boran x Ayshire 
(107 dys)
Nguni -communal 
farms (132)
Nguni -emerging 
farmers (132) 
Brahainan -(132)

Table 7: Average daily gain (g/day) of different breeds fed various fattening diets

Breed Type of feed Average daily Reference
gain (g/day) (Country)

Creek 1972
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It is evident from these authors that breeds respond differently when fed different diets.

The variations range from 581 g/d for Arussi cattle breed in Ethiopia (Jepsen and Creek.

1976) to 2300 g/d for Charolais breed under commercial feedlot diets in South Africa

(Strydom, 2008). It is also important to note the variations in the proportion of different

feeds in each diet and the variations shown by the animal response. This may imply that

in fattening diets, there is a wide room for manipulation of the diet in order to achieve

the target ADG that can give quality beef.

2.4.2 Slaughter and carcass chracteristics

Handling of animals for slaughter

Meat consumers are increasingly demanding that animals be reared, handled, transported

and slaughtered using humane practices (Appleby and Hughes, 1997). Belk et aL (2002)

characterized need for humane treatment of animals in slaughterhouses which includes

important for

animal welfare. Training and sensitivity of personnel are also essential.

It is therefore of public concern regarding the welfare of animals during transportation

and handling which necessitates reduction in such stresses with aim of attaining the best

quality meat. This view have earlier been recommended by FAO (2005) that animals

should be stress free and injury free during operations prior to slaughter so as maintain

muscle glycogen reserves, that may yield maximum level of lactic acid in meat, which

will give meat ideal pH measured 24 h after slaughter.

Transportation of animals to slaughter

Poor transportation of animals for slaughter has serious deleterious effects on the welfare

of livestock and can lead to significant loss of quality and production. The major effect

of transport and movement is stress that can lead to dark firm and dry (DFD) in beef and

unloading, lairaging, movements, stunning and bleeding of animals are
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c，L, 2005b). In cattle, transportation of less than 4 h has been reported to have no effect

unless there is trauma (Grandin, 2000; Grandin, 2010). Tranportation of less than 12 h

have been proposed by the Scientific Committee on Animal Health and Animal Welfare

(SCAHAW). European Parliament has suggested decreasing journey to 8 h (Earley and

O'Riordan. 2006). while Villarroel et al. (2003) indicated that 3 h transportation of bulls

before slaughter give rise to optimal tenderness and acceptance of meat compared to 6 h

of transportation. However, the proposed measures may improve animal welfare but it is

not known whether it will improve the meat. A study by Maria et al. (2003) indicated

that the percentage composition of the 6th rib muscle, fat and bone did not vary with

transport time, except slight effect was observed on meat compression values. Similar

observation (Maria, et al., 2003) of no differences in tenderness of muscle after transport

i.e .the same type of animal, same age. same production system, and the same vehicle

and driven it appears that transport time up to 6 h may not affect the instrumental quality

of meat (Maria et al., 2003). In other study mixed loads of cattle had a significantly

higher frequency of dark-cutting in beef than unmixed loads (Belk et aL, 2002).

It is therefore important to take care in handling the animals to slaughter since getting

animals from farm to abattoir forms the first link in the chain of meat production. It is

influence carcass and lean meat quality, and it is contentious

because the processes of handling and transport (Belk et al.9 2002) provide many

opportunities for the animal's welfare to be compromised.

pale soft exudative (PSE) in pork (Tarrant et 々/., 1992; Maria et aLy 2003; Andersen et

or handling stress, compared with controls. Under the controlled commercial conditions

important because it can
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2.4.3 Slaughtering procedure

It is very important that slaughter animals should be properly well handled i.e restrained

before stunning, hanging and or bleeding. This is to ensure stability of the animal so that

the stunning operation can be carried out accurately and properly to give meat the

desired quality (Grandin, 2000; Grandin, 2010). Effects of stress to animals before and

during slaughter have been reported to have serious effect on meat quality (Simmons et

n/., 1997; Mushi et al., 2007). Reports from Andersen et al. (2005) and FAO, (2005)

indicated that when animals are stressed the glycogen is used up and lactic acid level that

is developed is reduced in the meat after slaughter resulting to DFD. This meat is of

inferior quality due to less taste, darker, less acceptable to consumer and has a shorter

shelf life due to abnormally high pH value (6.4-6.8). Various workers have reported that

animals for slaughter should adequately be rested. Prior to slaughter, animals should be

driven to the stunning area in a quite and orderly manner without undue fuss and noise,

animals should not be beaten nor have their tails twisted (Mushi et qL, 2007; Grandin,

2010). Stunning aims to eliminate pain, discomfort and stress from the procedure.

Three main stunning methods have been used namely percussion, electrical and gas,

where the first two are commonly used in developing countries. Percussion stunning

method produces a physical shock to the brain e.g captive bolt while electrical stunning

epileptic state in the brain. Once the animal isinduces electroplectic shock or

unconscious the animal is bled using a sharp knife to cut the throat and severe the main

blood vessel (Grandin, 2000). The process also may require religious or ritual slaughter

(Halal) where in some cases stunning may be allowed or restricted depending on the

customer's requirements.
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2.4.4 Carcass characteristics

Carcass characteristics have been evaluated using different components from the

slaughtered animal these characteristics include dressing percentage. weight,carcass

ratios of lean, fat and bone and weights of non carcass components.

Dressing percentage

Dressing percentage (DP) is one of many factors affecting the value of a slaughtered

animal. Dressing percentage (DP) fbr an individual animal has been defined as hot

carcass weight divided by final live weight (Owens et al., 1995). Owens and Gardcmer

(2000) reported that under feedlot management and nutrition, DP had the greatest

perceived economic importance because it relate liveweight to carcass weight and

value. However, Skunmun et al, (2002) argued that higher dressingthereby. carcass

percentage may not always yield higher returns. Therefore in assessing performance

parameters DP should be considered in relation to other carcass quality fbr example the

level of fatness. Dressing percentage is both a yield and value determining factor and

therefore an important parameter in assessing performance of beef cattle (Malope et aL.

2007; Fadol and Babiker, 2010).

Slaughter and carcass characteristics have been reported by various authors in Africa

huge variation in the parameter measured (DP, carcarss weight and the proportion of

lean, bone and fat.) in animals fed low to high plane of nutrition. The data demonstrated

the different potential of each breed with respective to management, where extreme

superior carcass performance could be attributed by animal frame size. Another carcass

characteristic is the composition which is expressed in terms of physically dissected

tissues in particular lean, bone and fat or chemically analysed constituents fbr nutrient

concentration like amino acid and fatty acid profiles (Moran and Wood, 1986). The value

(Table 8) and in Tanzania (Table 9). Like in slaughter characteristics (Table 8) there is a
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oF carcass depends on the edible meat yield (muscle and limited amount of fat) and of

importance is how that meat is distributed in the carcass and other quality traits of meat

(Johnson et al.9 2005). On the other hand increase in carcass fatness has been reported to

improve tenderness and provides insulation to muscle against cold shortening effects

Irom rapid refrigeration (Wood et al.t 1999).

Table 8: Carcass characteristics of cattle in Africa

Breed SW CW DP Percent carcass C (%) Author
(kg) (kg) (%) Lean Fat Bone

Charolais 312 61 81 4 15515
78 5379 224 59

249 127 51
52Ankle x Boran bulls 250 129

130 51Ankole x Friesian bulls 255
1853 78 4291 154Butana cattle steers

60White Fulani bulls 418 251
SW = Slaughter weight; CW = Carcass weight; DP = Dressing percentage; C= Composition

Charolais X Nguni
Ankole bulls

Strydom (2006)
Strydom (2006)
Asizua et a/.(2009)
Asizua et aZ.(2009)
Asizua et aZ.(2009)
Osman (1985)
Ngere(1985)
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Boran cattle have superior performance in most of the parameters reported in Tanzania

such superiority performance could be related to the genetic potential differences, that

Boran breed is relatively a larger frame compared to some TSHZ which have small

frame. Most of these characteristics reported directly influenced by animal bodyare

frame size as was noted by other authors (Msanga et al., 2001; Owens et al., 1995).

Carcass classification is extremely important when considering meat quality traits.

Andersen et al (2005) reported that as meat quality traits are considered commercially,

carcass classification for conformation, fatness and colour determines the market price,

within each carcass weight range.

Likewise, Alberti et al. (2005) indicated that breeds with the best conformation tend to

be more economically valuable and poor conformation is penalized. Thus economic

profit fbr each carcass is dictated by the carcass classification, so it should be accurate

and objective. According to MAFS (2003), the grading system in Tanzania is in two

ways i.e. live animals involving live cattle grading and slaughtered animal (carcass

grading). Live animal grading is normally done at large auction market at Pugu livestock

market, Dar Salaam. However, there is limited information available on carcass

characteristics in relation to carcass classification of indigenous Tanzania cattle breeds

when concentrate diets are used and feedlot management is employed. Similarly, the

practice of carcass classification is not common.

subcutaneous, intermuscular and intramuscular.in theFat carcass asoccurs

Intramuscular fat consist of fat cells situated in the perimysium and the endomysium,

surrounding the myofibrils and muscle fibre bundles (Wood et al.t 1999). The degree of

and most parts of Africa compared to other indigenous animals. The possible reason for
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marbling is the primary determinant of quality grade. According to Hale et al. (1998)

marbling (intramuscular fat) defined as the intermingling or dispersion of fat within the

lean, where graders evaluate the amount and distribution of marbling in the Longisxinius

dorsi (LD) muscle at the cut surface after the carcass has been ribbed between the 12th

and 13th ribs. Intramuscular fat is known to develop late in the maturation of cattle and

the content of fat increases with higher age (Pethick et aL, 2004). In most of the

European countries consumers generally select against meat with such marbling (Ngapo

and Dransfield. 2006; Webb and O'Neill, 2008) while in Australia marbling is an

importanl parameter in carcass classification system.

Marbling is an important consideration in detennining quality grade (Meat Standards

Australia, 2008). Good nutrition has shown to improve body condition score of

slaughtered cattle. Mpairwe et al. (2003) reported the improved body condition score of

Ankole cattle from 5.3 to 7, Ng'anda cattle from 6 to 6.4 and crossbreds from 5.5 to 7.3

under high level of feeding management. The study further indicated that better fed

animals dominated the carcass in the quality and choice for export grades in Uganda.

Such slaughter and carcass attributes within the region may support the hypothesis that

the indigenous cattle in Tanzania may respond equally well when fed high energy diets

under good management like feed lot condition.

2.4.5 Handling of carcass after slaughter and ageing

Carcass handling after slaughter, has a significant influence on meat quality particularly,

tenderness of the meat. Morgan et al. (2002) reported that very rapid chilling

immediately after slaughter causes the muscle fibres to contract strongly except for those

being stretched by the weight of the carcase (e.g. tenderloin). The shortening of muscle
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bundles resist shear forces and cause the meat to be 'tough'. The relaxed (stretched)

muscles on the same chilled instantly carcass are elongated and 'opened out1 and thus

remain relatively tender. Recent study by Eskildsen el al. (2010) indicated that pelvic

suspension is beneficial in tenderizing LD muscle from Ankole bulls and reduces the

age-induced increase in toughness normally found in older animals. Also Purslovv,

(2002) indicated that improvements in quality of livestock and cutscarcasses

accompanied by more appropriate handling could occur in the form of fewer bruises.

improved tenderness, lower incidence of dark cutting beef^ and lessened occurrence of

pale, soft, exudates (PSE) and dark, firm, dry (DFD), where proper handling of meat

animals can improve productivity, quality and profitability.

Various workers have been focusing improving meat tenderness using variouson

technologies. Among the technologies used include post mortem storage

(Sentandreu et al.t 2002; Jayasooriya et al” 2007).

carcass hanging (Eskildsen et al., 2010), mechanical/blade tenderization (Wheeler et al.,

1990a; Bowker et al.t 2007) and electrical stimulation (Wheeler et aL9 1990b). Ageing is

among the technologies that has been recognized and employed by the meat industry for

natural process of tenderization when meat is stored or aged post-rigor. Warris (2004)

reported that tenderization was attributed by two processes: changes in the connective

tissue components of the meat or weakening of the myofibrils. Earlier Nishimura et al.

(1998) suggested that tenderization was in two phases: there is rapid first phase caused

by the changes in the myofibrillar component and a slower second phase caused by

structural weakening of the intramuscular connective tissue. The authors however

a long time (Taylor, 2003; Lawrie and Ledward, 2006). The term ageing refers to a

(ageing/maturing) of the carcass
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concluded, that the change in the myofibrillar component was more important and, very

small changes were seen in the major connective tissue components such as collagen.

major

cause of variability in beef when tested at various research centres in Europe. Further

indicated that at slaughter all animals with the same pre-slaughter treatments had the

same tenderness level, but the differences in tenderness were created in the first 24 h

post- mortem. There is large variation in tenderness (shear force) after one day of post­

mortem storage and that maximum toughness was further reported to occur at 9-24 h

(Koohmaraie, 1996). After 24 h, an increase in tenderness is observed as a result of

enzymatic degradation of muscle tissue. Temperature of storage affect thiscan

enzymatic degradation, as well as other factors including pH, muscle fibre type, amount

and degree of cross-linking of connective tissue, and animal species (Smulders et aL,

1992). The ageing process takes 1-2 days in chicken, 3-6 days in pork, and 10-20 days in

reported to be the common way of improving tenderness (Lewis et aL9 1991; Taylor,

2003).

The mechanism of tenderization has further been reported to be a result from the

activities of proteolyitic enzymes present in the muscles. Their normal role is in the

breakdown and recycling of the proteins which occurs continuously in all living tissues.

The two important enzymes involved include the cathepsins and calpains, of which, at

least in red meat species and poultry, the calpains are thought to be more important (Goll

et al., 2003). This process of ageing requires specific equipment and running costs are

expensive, and may not be easily available in developing countries. The tendered meat

beef (Smulders et cd； 1992). The technique of ageing meat at 0 - 2°C for 14 days was

Koohmaraie, (1996) reported that different ageing times and conditions were a
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produced therefore have higher price of which the consumer has to pay for it. It is of

due to the fact that local people of whom the majority are poor may not afford and this

quality parameter may not be of necessity. Some plant substances have been reported to

have tenderizing effect (Christensen et al., 2009). The best known plant is papaya fruits.

which contain a protein breaking down enzyme called 'papain', and the other is the Kiwi

fruit which have similar proteolytic enzymes, though not as effective as papaya.

2.4.6 Carcass composition and the use of 6th rib joint compositin

The carcass composition is an aspect of the slaughter value of an animal. One of the

factors which are important in beef cattle and meat yield is carcass composition which is

expressed in terms of physically dissected tissues or chemically analysed constituents

(Mushi et al.9 2007). The physical dissection consider the relative proportion of lean, fat

and bone while the chemical composition evaluates the contents of protein, ether extract,

water and ash (Olivan et al.9 2001). Estmation of carcass composition of large animals

like cattle using whole carcass dissection is difficult. The use of different joints has been

has been discredited because of its effect on carcass value. It has been found that full

provide a good estimate of the carcass composition (Olivan et al.9 2001).

2.4.6.1 Physical composition

The main parameters of carcass quality are lean and fat proportions, lean: bone ratio and

sealable meat yield (Johnson et al.t 2005). The difference in carcass composition is

attempted where there was a high correlation between separable tissue analysis of the full 

10th rib sample joint and of the full side (Mpiri, 1994). However, the use of 10lh rib joint

dissection of the 6th rib is more appropriate than dissection of the 10th rib as it can

concern that in developing countries the costs of eating tendered meat may be limited



50

usually associated with the amount of fat deposition following the available plane of

nutrition and the final slaughter weight of the animal, that means the amount of fat in a

may thus affect its nutritive value based on meat healthiness, flavour andcareass

juiciness (Platter et a!.f 2003; Piatiwi et aL, 2004; Mushi et al.. 2007).

According to O'Mara et al. (2009), the content of bone, fat and muscle as percentage of

cold carcass v/eight varies with fat cover and muscling of the carcass. Hot carcass weight

can range from 44 - 55% of liveweight with very lean and poorly muscled cows having

less hot carcass weight compared to fat and heavy muscled cows. Cold carcass weight

(CCW) is approximately 99% of the hot carcass weight due to loss of v/arer during

chilling. Very lean carcasses will have greater moisture losses rhan fat carcasses. Bone

can range from 17 - 32 % of the CCW and fat can range from 7 - 30% of the CCW. The

greater the backfai on the cow the greater the percentage fat will be. Lean (muscle)

content in the CCW can vary from 49 - 63%, but it is not the same in linear relationship

of fat, and how that fat is distributed in the carcass and other quality* traits of meat

(Johnson et a!^ 2005, Mushi et aL, 2007).

2A.6.2 Chemical composition

Earlier studies have indicated that moisture and protein in meat decrease linearly with

increase in supplementation where as carcass fat increased with increase in concentrate

by Shija et al. (2009) reported on meat chemical composition for Boran and Tanzania

Shorthorn zebu. The results showed that finishing steers on concentrate supplementation

cows that are heavily muscled, with an ideal body condition score. On overall, the value

on offi^r (Berg and Butterfield, 1976; Marinova, 200 i; Safari et al.9 2009). Recent study

of carcass is largely detemiined by the edible meat yield i.e. muscle and limited amount

as exists with fat and bone. Percentage muscle is lowest with fat cows and highest fbr
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2.5 Meat Quality Attributes

Bed quality refers to the expected eating characteristics (tenderness, juiciness and

flavour) of the cooked product (Tatum, 1996). The term 'meat quality' has been referred

the inherent properties of meat decisive fbr the suitability of the meat fbr eating,

processing and storage, including retail display (Andersen et al.t 2005). The main

attributes of interest in meat quality include safety, nutritional value, flavour, texture.

water-holding capacity, colour, fat content and composition, oxidative stability and

uni formity. Likewise, the international markets also demands high standards of quality

assurance regarding diversity and of aspects related to environmental, ethical and animal

welfare problems in the production of meat (Warris. 2004). Some of the major

components of quality beef attributes are summarized in Table 10.

Taste

Wholesomeness

Ethical quality

Source: Warris, (2004)

increases the proportions of fat in both Boran and TSHZ and decrease on the proportion 

of protein.

Yield and gross 

composition 

Appearance and 

technological 

characteristics

Table 10: Summary of major components of meat quality in developed countries 

Component Description

Quantity of saleable product, ratio of fat to lean, muscle 

size and shape

Fat, texture (tenderness) and colour, amount of marbling 

in lean (intramuscular fat), colour and water holding 

capacity of lean, chemical composition of lean

Juiciness, flavour

Nutritionally quality, chemical safety, microbiological 

safety

Acceptable husbandry of animals and slaughtering

lo as
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Among the quality beef attributes given in Table 12, tenderness is considered to be the

important eating quality attributes, which influence themost overallconsumers

judgement and perception of meat, particularly beef (Gerelt et al.. 2000; Glitsch, 2000;

Burke and Monahan, 2003). Lepetit and Culioli (1992) defined tenderness of meat as

"the ease, perceived by the consumer, with which meat structure is disorganised during

mastication" and as such is considered as a sensory property. Although tenderness cannot

be strictly defined in physical terms, it involves the aptitude of meat to be deformed and

broken down during mastication and therefore depends directly on the mechanical

properties of the meat (Culioli, 1995). Fukumoto et al. (1995) reported that meat from

the hindquarters is made up of much larger muscle groups, with less cartilage and

connective tissue and is therefore tenderer. Meat with the fat deposited within the steak

to create a 'marbled* appearance has always been regarded as tenderer than steaks where

the fat is in a layer around the outside. But there is a view (Belk et al., 2001) that both

stresses before slaughter in particular, and lack of aging of the meat has more to do with

toughness than most other factors, including marbling.

attribute of meat quality the parameter has

been studied extensively. Scientists measure the force needed to shear muscles. The

Warner-Bratzler shear test is a frequently used instrumental device to determine meat

tenderness (Lepetit and Culioli, 1992) where high values (> 50 N) are recorded when the

meat is tough. Its units of measurement are kilograms of force needed to shear a 1 cubic

centimetre muscle sample. Christensen et aL (2007) reported that by performing this test

changes occurring in meat after a certain treatment are interpreted and thereby enable an

in-depth understanding of the cause of change in tenderness. Interpretation of the

on cooked meat samples force deformation curves are created from which the structural

Due to the importance of tenderness as an
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structural changes giving rise to change in toughness can be evaluated by determining

lhe initial yield and final yield on the fbrce-displacement originating fromcurves

Warner-Bratzler shear test (Christensen et al.t 2004).

The other method used to evaluate meat tenderness is a straight sensory panel test where

trained panellists eat the meat and record their perception of its tenderness. However, the

major limitation of this method is that it requires well trained people and may be

expensive in using them, Shackelford et al. (1997) classified “tender,'carcass as

“intermediate"

force (WBSF) value at 1 or 2 days post-mortem was < 59 N. 59 to 88 N, or > 88 N

respectively. It is obvious that use of the instrument WBSF will give values that will

have similar degree of tenderness as the ranking made by trained sensory panellists.

Other meat quality attributes reported by Mushi et al. (2007) include meat ultimate pH,

colour, water holding capacity and fatty acids content and composition. The ultimate pH

(Olfaz et aL, 2005).

drip loss resulting in meat with poor overall acceptability (Maltin et aLt 2003). 

According to O'sullivan et al. (2004), meat colour may influence consumer decision to 

purchase meat, where meat from grazing pasture is relatively darker as a result of 

exercise. The composition of fatty acids in meat has significant influence on quality, as it 

is related to differences in organoleptic attributes, especially flavour and nutritional value

is equally important as it increases from 5.5 to 6.0 as the tenderness of cooked meat 

decreases, and above pH 6.0 the effect is reversed (Braggins, 1996). In addition, meat 

with low pH may be of poor quality since enzymes involved in post-mortem 

tenderisation are inhibited by acidification. Low ultimate pH is associated with increased

or “tough" when its Longissinius dorsi muscle Warner-Bratzler shear
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aging and thawing losses (Waritthitham el al., 2010). The water holding capacity

attributes include drip, cooking and thawing losses.

Drip loss is the loss of fluid from meat and water evaporation from the shrinkage of

muscle proteins (actin and myosin) in the form of drip (Yu et al., 2005). Drip loss in

fresh beef cuts is an important challenge to maintaining an attractive retail display of

meat. Normally, fresh post-rigor meat exudes fluid, or drip, from cut surfaces (Lawrie

and Lcdward, 2006). If cell membrane integrity could be stabilized post-mortem,

sarcoplasm should be retained in muscle cells and thereby result in less drip loss and

the loss of membrane integrity. Drip loss is of high importance due to financial

implications and beef with high drip loss has an unattractive appearance. Purslow (2002)

reported that in normal meat the drip loss usually is between 1-5% and above that is

considered as high drip loss. Jama et al. (2009) reported that high drip loss decreases

meat tenderness and juiciness. Proteins, peptides, amino acids, lactic acid, purines,

vitamins of the B complex and various salts are among the many constituents of drip loss

(Purslow, 2002).

Various workers have reported on drip loss from beef cattle. A study by Mitsumoto et al.

(1995) working on crossbred of beef steer and Holsten showed a drip loss of 7.0 and 7.5

% respectively. In addition they showed that drip loss increased with ageing from 2, 6,

10 and 14 days which was 3.2, 5.4, 8.5 and 11 % respectively. Jama et al. (2007)

2-5.1 Water holding capacity attributes due to drip loss, cooking loss and 

thawing loss

Waler holding capacity (WHC) is one of the most important attributes of meat quality 

from the consumer and processor point of view. Meat with a better WHC

more weight retention during storage and display. Oxidative processes may contribute to

means less
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observed no breed difference (P>0.05) on drip loss when they compared Nguni (0.97;

0.84 %), Bonsmara (1.05; 1.14 %) and Angus (0.71; 0.84 %) beef cattle at 2 and 21 days

ageing respectively. However, breed differences in drip loss at the same ageing time

have been reported among the indigenous (Sanga) cattle genotypes (Frylinck et aL,

2006). The values were Bonsmara (2.96%), Drakensberger (2.66 %), Nguni (2.44 %),

Tuli (2.26 %), and Brahman which is zebu type (1.99 %). Brugiapaglia et al. (2008)

found that Friesian had higher drip losses in comparison with crossbred (3.62% vs. 3.08

%: P<0.05) and higher amount of maize grain in the diet reduced drip looses (2.61 vs.

3.09 %; P<0.05). In addition, ageing was found to induce an increase in drip loss with

significant differences for d 5 (2.25%) in comparison with d 8 (3.12%) and d 10 (3.4%)

Another meat quality attribute is the cooking loss which refers to the reduction in weight

of beef during the cooking process (Drummond and Sun, 2005). The major components

of cooking losses are thawing, dripping and evaporation. The different components of

cooking loss may vary depending on the ageing period. Furthermore the cooking

components may also be related. Protein denaturation occurs when meat is cooked, but

also when its pH is greatly changed (e.g. acid or alkaline marination), or when fast rates

of pH fall post-mortem occur while the muscle is still at high temperatures (leading to

the development of pale, soft exudates (PSE). Pale, soft exudates occurs when pH drops

rapidly while the muscle is still at high temperature (Purslow, 2002). Holding connective

tissue at high temperature for extended periods results in gradual solubilization of

collagen as cross-links are broken down. Solubilisation of collagen on long-term cooking

of meat is associated with a reduction in meat toughness. This solubilisation effects

and between d 7 (2.65%) and d 10.
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works to reduce the toughness of the muscle even if it has been cold-shortened or

protcolytically aged (Davey el al., 1976).

showed no breed difference (P>0.05) on cooking loss of 27.6 and 27.8 %. In addition

they showed that cooking loss decreased with ageing from 2, 6, 10 and 14 days as

ibllows: 30, 29, 27 and 24 % respectively. Jama et al (2007) observed breed differences

(P<0.05) in cooking loss between Nguni (25.1; 23.2 %), Bonsmara (23.5; 23.4 %) and

Angus (24.9; 23.9 %) at 2 and 21 days ageing respectively. In addition Jeremiah and

Gibson (2003) reported cooking losses of 22.5 %, In contrary, Razminovicz et al. (2006)

reported higher values (30 %) from steers fed on pastures. Ageing induced an increase

(P<0.05) in cooking losses at day 10 compared to 5 and 7 days ageing (18.20 vs. 16.96 %

and 16.68%).

Other workers have also reported cooking losses from different breeds and diets. A study

by Ficms et al.. (2003) reported cooking loss from Belgian blue bulls and cows (25.1 and

23.6 %). Also Brugiapaglia et al. (2008) observed no differences in cooking losses

between breeds, Friesian (17.5%) and Friesian crosses (17.05 %), and between diets,

when less maize grain (17.26 %) and higher amount of maize grain in the diet (17.34 %)

was added to a basal diet that was maize silage. Various reasons have been reported to

and diets is tested. Possible reason caused by breed difference is due to genetical

potential of different breeds in marbling and other fat deposition giving different

capacity in holding water resulting in decreasing cooking and drip losses for breeds with

high potential for depositing fat during fattening (Jama et al.9 2007). Similar reasons

A study by Mitsumoto et al. (1995) working on crossbred of beef steer and Holsten

cause such huge variations in drip and cooking losses when meat from different breeds
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could explain the variation obtained in different diets where diets that favour fat

deposition with increasing ADG displayed the same trend (Immonen et «/., 2000 and

Andersen et al.. 2005a). Reason fbr increasing drip and cooking losses with increasing

ageing lime could be due to breakdown of myofibrillar which reduce the water holding

capacity and increase cooking and drip losses.

1 hawing loss refers lo the loss of fluid in meat resulting from the formation of exudates

ibllovving the removal of meat sample from the freezer to the refrigerator. Studies have

reported that the advantages of temperatures below the freezing point in prolonging the

useful storage life of meat, and in discouraging microbial and chemical changes tend to

be offset by the exudation of fluid ('drip') on thawing. A study by Jama et al. (2007)

showed that no breed difference (P>0.05) on thawing loss between Nguni (3.26; 2.59 %),

Bonsmara (3.35; 2.23 %) and Angus (3.60; 2.8 %) beef cattle at 2 and 21 days ageing

respectively. In conclusion, it has been revealed that WHC and subsequent loss are

complex attributes of meat which are influenced by the factors in the whole production

chain as reviewed by Den Hcrtog-Meischke et al. (1998).

2.5.2 Post-mortem temperature decline

The variation in temperature effects that can occur in a muscle due to metabolic

differences is presented below Figure 2. The low ultimate temperature is due to the meat

being chilled at different time intervals.
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Figure 2: Postmortem temperature decline curves (Forrest et al., 1975)

Similar trends were reported by other workers for different animal species. A study by

Sinclair et al. (2001) observed no breed difference on temperature decline of the LD

muscle within 1 h post-mortem, from three beef breeds Aberdeen Angus (34.8 °C);

Charolais (35.6 °C); Holstein (33.5 °C) but the diflerence was observed after 10 h post -

mortem for Aberdeen Angus (16.3 °C); Charolais (18.0 °C) and Holstein (14.8 °C).

Diaz et al. (2002) reported that the rate of muscle temperature decline during the

immediate post-mortem period has significant implications on meat quality attributes in

sheep. Similar views were reported by Abdullah and Musa!lam (2007) also in sheep.

Reasons for such trends arc several. It is known that just after slaughter, immediately the

circulation fails with exsanguinations, heat production by the anaerobic metabolism in

the muscle causes a rise in post-mortem temperature. At death, animals have a body

temperature of between 37 and 39°C (Warris, 2004).

2.5.3 Changes in pH post-mortem

Generally, pH has little economic importance, but it is often used as a predictor of other

measures of quality including colour, moisture, WHC and sensorial properties (Melody

et al.9 2004). The pH has implications in the quality of meat in terms of colour and
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keeping quality (Van Laack et al., 2001; Melody el al., 2004) and the rate of pH fall

depends on the muscle temperature and glycogen The precise relationshipreserve.

between tenderness and pH is complex and not fully understood. Studies have shown

that exercises immediately pre-slaughter have appreciably negative effect on glycogen

reserves in muscles. The conversion of glycogen to lactic acid will continue until a pH is

reached when the enzymes breakdown become inactivated. In a typical mammalian

muscle this pH is about 5.4 - 5.5 (Warris, 2004). There is some evidence that residual

glycogen increases the WHC and tenderness of the muscle when cooked (Immonen et

al.t 2000) and that there will be no residual glycogen if the pH fails to fall to 5.4-5.5

during post-mortem glycolysis (Rosenvold et al.f 2002). Figure 3 shows the range of

variation in pH decline observed in pigs. The normal pattern is for pH to drop to about

ultimate pH (pHu) of around 5.5.

However, this varies a little from muscle to muscle.

It has been reported that after slaughter pH decrease and the final values have been

attained 24 h post-mortem (Marsh et al.9 1988). A normal pH decrease from pH 7.2 in

the living muscle to a pHu of 5.5 can be observed in well-fed unstressed pigs, depending

Bellet (1996) reported the mean pH value of the carcass as 5.65 which is within the

normal range according to the literature (5.4 一 5.7).

5.6-5.7 within 6-8 h post-mortem, and to reach an

on the muscle glycogen level (Lawrie and Ledward, 2006).). Bruas-Reignier and Brun-
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Figure 3: Postmortem pH decline curves (Forrest et al.9 1975)

A study by Van Laack et al. (2001) revealed that the rates of pH decrease and pHu have

major consequences on the eating quality. Meat with high pHu (often > pH 6.5), is

described as dark cutting or dark, firm and dry, occurs when animals have lower than

normal muscle glycogen levels at slaughter and as a result lactate production is low

(40pm 一 lactate/g muscle) at pHu 6.2 compared with 100 pm lactate/g muscle in normal

(Maltin et al., 2003). Some studies have reported that the meat may be more tender than

normal because the reduction in availability of glycolytic substrate which causes more

rapid ATP depletion and early rigor. The latter reducing susceptibility to cold shortening

and allows prolonged activity of proteases (Wanatabe et al.9 1996). In contrast, meat with

low ultimate pH is likely to be of poorer eating quality. This is because the enzymes

involved in post-mortem tenderization are inhibited by the acidification, and low pHu is

also associated with increased drip loss resulting in meat with lower overall

acceptability.

—— Normal
ZPale

Resulting
Meat Color

meal. However, the tenderness of meat with high pHu has not been fully agreed on
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Studies by Sinclair et al. (2001) observed no difference on pH decline of the LD muscle

within 1 h and at 48 h post-mortem, from three beef breeds Aberdeen Angus (6.28 and

5.71); Charolais (6.44 and 5.71); Holstein (6.38 and 5.73). Also no breed differences in

pH decline on LD muscle were observed at 24 h pm among the indigenous (Sanga) cattle

genotypes (Frylinck et aL, 2006). The pH values observed were Bonsmara (5.58),

Drakensberger (5.64), Nguni (5.76), Tuli (5.66), and Brahman a zebu type (5.67).

Smilarly, Monsoon et al. (2004) observed no difference on pH at 24 h post-mortem

between Holstein (5.52). Old Brown Swiss (5.51), Limousin (5.55) and Blonde

d'Aquitaine (5.52). Diets did not show differences (P>0.05) in 1 and 48 h post-mortem,

where the pH on LD muscle from different energy levels were (a) moderate was 750 KJ

ME per day per kg M°"‘ (6.22 and 5.67), (b) high was 1050 KJ ME per day per kg M0 75

both for 20 weeks (6.42 and 5.82) (c) moderate for the first 10 weeks followed by high

for the remaining 10 weeks (6.44 and 5.68). Changes in pH have also been reported for

other species that produce red meat. A study by Van Laack and Kauffman (1999)

reported a strong correlation between the pHu of the muscle and its ability to produce

lactate. Mushi et al. (2009) observed a faster decline in goats' carcass pH values in the

first 6 h post-mortem while the decline more-less leveled off afterwards. The authors

fiirther noted that at pHu fbr carcasses obtained from goats fed ad libitum concentrate

and diet difTerentces in pH and pHu in the above studies could be due to the uniformity

cooling that was within the acceptable window not to affect pH changes.

2.6 Profitability of Finishing Cattle

The overall objective of feedlot finishing is to get a high ADG and thereby increasing

body condition score, dressing percentage and meat quality. The cost per shillings of

production and the price received fbr the product are major factors that determine

profitability of beef production enterprise. Earlier findings by Andersen et al. (2005)

was within the acceptable range, 5.6 一 5.8 (Pratiwi et aL, 2007). The absence of breed
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indicated that animals finished from different production systems and using different

diets differ in quantity and quality. The obtained product would bring different prices in

the market such as prices for choice meat, good quality and standard grade meat. From

other workers (Malope et aL, 2007) it has been argued that, the income fbr the various

beef production treatments is determined not only by the total shillings of trimmed retail

beef produced, but also by the amount of the quality grade of beef produced and the price

differential among them. Furthermore, the price of the feed used in the fattening ration

does, to a large degree, determine the costs of the finished product. Therefore, the

decision of choosing the appropriate feeding alternatives can be evaluated somewhat in

advance depending upon the objectives fbr quality grades to be produced and the

expected price at the market place.

Feed accounts for 70-80% of the variable costs under feedlot condition (Henning,

1999). The high feed costs in feedlot systems, particularly protein supplements are

indications of the need to improve profitability through alternative sources of quality

feed raw materials which can supply the nutrient needs of beef cattle more cost-

effectively. This is imperative especially for small-scale farmers fbr whom low feed cost

is critical in improving profit margins. High growth rate during feedlot finishing requires

al., 2007). Skunmun et al. (2002) pointed that marginal costs consideration are very

important in beef production because of rapidly changing feed costs and beef prices and

because they differ materially from the average costs analysis. Similar argument was

given by Norris et al. (2002) that, ultimately, what the farmer look fbr are the financial

returns of the beef cattle enterprise, where the economic and financial viability of feedlot

fattening is largely determined by the beef-feed price ratio. It is also reported that feed is

a high energy intake, which is normally obtained from concentrate diets (Weisbjerg et
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the major single cost item of the variable costs in a feed lot enterprise. These production

trails are in turn influenced by the breed group (its potential for growth and mature size)

and will vary depending on the specific production environment.

2.7 Inference from the Literature Review

From the literature reviewed it can be concluded that the quantity and quality of beef

could be improved through crossbreeding and improved nutrition as a long term goals.

w hereas in the short term goal the available indigenous breeds could be used with proper

manipulation in nutrition under feed lot condition. As a pre-requisite, however, pre­

slaughter handling of animals and post slaughter handling of carcass need to be observed

for improved quantity and quality of beef that can be acceptable by both domestic and

export markets.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Introduction

Two experiments were carried out with the main aim of improving the quantity and

quality ot'meat produced from the indigenous cattle breeds in Tanzania. The experiments

were carried out at Kongwa Ranch belonging to the National Ranching Company

(NARCO). The first experiment was conducted during wet season (December 2007 to

March 2008). whereas the second one was conducted during the dry season (September

to December 2008). In each experiment, growth performance and feed intake were

measured. Slaughtering, and carcass assessment including carcass measurements.

temperature and pH readings and ageing of meat were done at Dodoma abattoir.

Dodoma. Warner-Bratzler Shear force (WBSF) determination was conducted at the

Department of Animal Science and Production of the Sokoine University of Agriculture,

Morogoro.

3.2 Description of the Study Location

The study was conducted at Kongwa Ranch located at S 6° 03.810' and E 36° 27.296' in

Dodoma region, about 82 km from Dodoma capital city on Dodoma Morogoro highway

and 15 km from Kongwa District headquarters (Figure 4), Kongwa ranch is about 1067

ranch receives rainfall of about 254 一 660 mm per annum. Temperatures range between

23 一 32 °C depending on the months in a year. The area is a typical representative of

most semi-arid areas where majority of livestock are kept.

m above sea level. Topographically it is undulating with sandy and loamy sand soils. The
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Kongwa ranch is the biggest ranch in the country among the eight ranches under

National Ranching Company (NARCO) (MLDF, 2008). Kongvva ranch was selected fbr

the study because of its historical background of producing Kongwa beef that is

preferred by many local consumers. 1'he ranch is also close to the Dodoma Modern

Abattoir which has facilities fbr cooling the carcasses. Further more it is easier to let

fbr sale from Dodoma to Dar es Salaam city where there is higher demand fbrcarcass

quality beef

3.3 Experiment I: Finishing Cattle During Wet Season

The main aim of this experiment was to evaluate the effects of five different dietary

treatments on performance, carcass and meat characteristics of two breeds of cattle

(Tanzania shorthorn zebu (TSHZ) and Boran). The study also examined the effect of

meat ageing on meat tenderness.

3.3.1 Experimental design and treatments

A total of one hundred and twenty (120) steers composed of sixty (60) Boran, and sixty

randomly allocated to five dietary(60) Tanzania Shorthorn Zebu (TSHZ) were

treatments in a 2 x 5 factorial experiment in a completely randomized design. The main

factors studied were breed effects (Boran and TSHZ) and dietary effects (five

treatments). The diets comprised of grazing with no concentrate as a control (Graz+COO);

grazing plus 50 % ad libitum concentrate intake (Graz+C50); and ad libitum hay plus

60% of the ad libitum concentrate intake (Hay+C60); ad libitum hay plus 80% of the ad

libitum concentrate intake (Hay+C80) and ad libitum hay plus ad libitum concentrate

intake (Hay+ClOO). The 50, 60, and 80 % ad libitum concentrate intake was calculated 

basing on the fresh intake of the previous day 100% ad libitum concentrate intake. Ad
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libitum feeding was taken to allow 10 - 15 % refusal. Each pen was used as an

expcrimcnlal unit for feed intake and feed conversion efficiency where as an individual

animal was considered as an experimental unit on weight changes. and meatcarcass

quality analysis.

3.3.2 Source of experimental animals and management

Steers of TSHZ Gogo strain were purchased from Kizota, Kigwe, Mpunguzi and Bahi

auction Markets, in Dodoma region. Boran steers were purchased from the ranch. The

age of steers ranged between 1 and 2 years for Boran and 1.5 and 2.5 years for TSHZ.

The age of the TSHZ were estimated based on their dentition while that of Boran steers

were obtained from ranch records. Animals were weighed on arrival and prophylactic

treatment such as vaccination against Contagious Bovine Pleuropneumonia (CBPP) was

administered to lhe animals on arrival. The animals were dewormed using albendazole.

Eleven TSHZ steers were re-castrated using Burrdizo.

Grazing animals were treated against parasites after every ten days through dipping them

water. Animals kept under feedlot pens were treated against parasites after every ten

days by hand spraying using Parannex 100 EC 6%. Dilution was 10 ml of PARANEX

per 20 litres of water. De worming was done on arrival and in the mid of the respective

experiment, where Tramazole:albendazole 10% W/V drench was used. Other diseases

were treated as they occurred using Oxytetracycline 10% (250 mis to 100 mg/ml).

Animals were monitored daily for their behaviour and health status.

in a common dip containing Bayticol EC 6% with Dilution of 1000 ml per 1500 litres of
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Steers were ear tagged for experimental identification. A preliminary period of 7 days

was followed whereby all steers were mixed and received common feeding and other

managcinent. This period was meant to remove any managemental differences from

of origin. The steers grazed (or 7 hours and had access to hay near the

teed lot structure fbr about 1 hour. In the evening steers were enclosed in wire fenced

kraal near the experimental area fbr overnight. During the last three days of preliminary

period the animals were weighed fbr three consecutive days to obtain their average initial

liveweight which was used to allocate them to dietary treatments and grouping them into

pens. Animals were weighed prior the morning feeding.

A feedlot structure constructed at Kongwa Ranch with a total of 24 pens with dimension

of 4 X 5 m was used fbr the study. The structure was partially roofed with iron sheets

where the feeding and watering troughs were placed and a little bit of shed to protect the

animals during the mid day sun (palm thatched) at the mid of the pen to the rear end

(Plate 1). Steers on Graz+COO (grazing alone) were kept outside in a wire fenced kraal at

night. Steers on Graz+C50 were confined during the night in their respective pens where

Hay+C60, Hay+C80 and Hay+ClOO were

confined in separate pens throughout the experimental period.

After the allocation of the animals in their respective treatments and pens, animals had

19 days fbr familiarization to the feeds, pens and experimental protocol. During

familiarization, animals in Graz+COO were grazing; animals in Graz+C50 were grazing

taken to respective pens and supplemented withand later in the evening were

All animals in Hay+C60, Hay+C80 and Hay+ClOO were given hay adconcentrate.

provided to animals inlibitum and proportional concentrate supplementation were

they received concentrate. All steers on

their source
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Hay+C60 and Hay+C80 depending on the amount provided to animals in Hay+C 100 in

that day until ad libitum concentrate intake was reached.

Plate 1: Feed lot structure used for the feeding experiment at NARCO, Kongwa

3.3.3 Feeds, feeding and management

1'he hay used fbr fccdlot in experiment number purchased from NLRI,one was

Mpwapvva. Energy-rich concentrate diet was made from several ingredients. Maize meal

made from maize purchased from Kibaigwa grain market at Kongwa District,was

Dodoma region. Cotton seed cake was bought from Shinyanga cotton ginneries and

molasses from Mtibwa Sugar Estate in Morogoro. Salt was purchased from Singida,

mineral mix from 1'anga and urea from local agro vet shops in Dodoma. Chemical

composition and digestibility values for the ingredients used in the formulation of the

concentrate diet were obtained from feedstuff tables and literature (Strudsholm et ah9

1999, Doto et al.9 2004). The concentrate was formulated to contain (g/kg) maize meal

(380), cotton seed cake (130), molasses (470), mineral mix (10), salt (5) and urea (5).

The calculated composition was 125 g CP and 12 MJ ME per kg DM, targeting an

average daily gain of 1kg per day. The feed stuff that are protein based were computed in
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diet formulation using the popular Pearson square method as applied by Wagner and

Stanton (2010) to determine the proper dietary proportion of feed stuff bearing about the

weighed and mixed in appropriate proportions to give the desired protein level. Grazing

animals had access to water three times a day, in the morning, noon and afternoon when

they were taken back to the kraal for night. The steers in feedlot had access to water

throughout. The animals were given fresh water.

Fresh feed otiered and feed refusals fbr animals in each pen were measured on daily

basis. The differences were taken as the amount of feed taken in by four animals in each

Feed intake in terms of dry matter was computed and was taken per pen and thegroup.

value obtained was divided by the number of animals in the pen to obtain an average

intake per animal. Animals were weighed in the 30th day and thereafter every two weeks

until the end of the fattening trial. Animals were weighed three consecutive days prior to

the date of slaughter and the average weight was taken as the final body weight of

animals at termination of the experiment. Plate 2 shows the animals finished on feed lot.

Plate 2: Cattle finished under feedlot condition

protein requirement of the fattening steers. After preparing the ingredients, they were
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3.3.4 Slaughtering of experimental animals and measurements

3.3.4.1 Slaughtering procedure

Al the end of the feeding trial, all the experimental animals were taken for slaughter at

Dodoma Abattoir for different days because of the space limitation in the chilling rooms

for storing the carcasses. Twenty (20) animals were slaughtered on the 97th day. 40 on

the 98th day, and 20 animals each day on on the 100lh, 102nd and 104th day of the trial.

l*he schedule followed for slaughtering animals, carcass measurements, sampling of

Longissimus dorsi (LD) muscle and dissection of 6th rib joint is presented in Appendix 1.

Animals that were transported each day for slaughter were picked from each treatment

track while standingand breed randomly. The animals were transported on a

perpendicular to the direction of travel. On arrival at the abattoir, the animals were

inspected and all were accepted and kept in lairage in isolation from other animals. From

the time of transporting the animals from feedlot to abattoir neither feed nor water was

given. The animals were fhsted for 13 - 17 hours prior to slaughter.

The animals were stunned using electrical stunner and immediately suspended by

achiiles tendon. The animals were slaughtered by severing the neck using a sharp knife.

This was done by authorized Muslim personnel for the meat to be Halal. Thereafter, the

suspended body was bled and skinned. The head was removed at the atlas joint, the

forefeet was severed at the knee joint between the carpal and metacarpal bones and the

hind feet was severed at the hock joint between the tarsal and metatarsals. The animal

caudal vertebrae. Plate 3 shows the skinning and splitting of the carcass.

was deskinned, eviscerated and the tail cut off close to the junction of the sacral and
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Plate 3: Skinning and splitting of carcass at slaughterhouse in Dodoma

3.3.4.2 Non carcass measurements

Non carcass measurements included weighing of the internal organs (kidney and fat) and

the fat surrounding the kidneys and the mesenteric fat (fat surrounding the gastro­

intestinal tract -GIT) using a portable digital weighing balance. The weights of full gut

and empty gut were weighed using a sorter balance.

33.4.3 Carcass weight

The carcass was separated into left and right carcass (Plate 3) by cutting using a meat

saw. Both left and right hot carcass weight (HCW) was taken using automatic electrical

balance available at the abattoir. The total HCW was the sum of the left and right hot

carcass weights. The split half carcasses were kept at room temperature for 10 hours and

then transferred to a cold room set at 0 - 4 °C (Plate 4).
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Plate 4: Dressed carcasses placed in storage room

3.3.4.4 Linear carcass measurements

Linear carcass measurements were taken as follows: carcass length from a cranial side of

ischio-pubis symphisis (A) to the middle of the cranial side of the 1st rib (B); internal

depth of the chest was measured from down side of medullar channel at the 5th -6th

thoracic vertebra level (C) to the intersection down the side of external bone (D), with a

line through the middle of the internal face of tarso-metatarso joint (F) and parallel to

caudal side of 5th rib. Measuring tape was used to measure carcass length, internal depth

of chest and limb length, whereas vernier caliper was used for measuring the limb width.

The illustration for the carcass measurement is presented in Plate 5.
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33.4.5 Carcass grading

Carcasses were classified using a EUROP classification system (Appendix 2) for cattle

(Borggard et al・, 1996). Carcasses were classified for conformation (scale from E

excellent to P = poor) into five classes divided into three sub classes: 0, or + to fbrm

15 grades. The carcasses were also scored for fatness on a scale of 1 - 5 (1 = none or low

entire carcass covered with fat). High value for fat class indicated afat cover to 5

A - B = Carcass length; C - D = Depth of Chest; A-F = Length of 
leg; G - H = Max width of leg; J - H Minimum width of leg 

Plate 5: Illustration for the carcass measurement

U
H
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class indicates a carcass with well to excellent rounded muscles.

3.3.5 Derived measurement

1'hc fallowing parameters were derived:

Average daily gain (ADG) = Final body weight - Initial body weight)/ number of days

Feed conversion ratio (FCR) = Feed consumed (kg) / kg of liveweight gain

Dressing percentage (DP) = (Hot carcass wcight/Final liveweight) * 100

Weight of Gut content (kg) = Weight of full gut (kg) 一 weight of empty gut (kg)

Empty body weight (EBW) (kg) = Final liveweight (kg) 一 Weight of gut content (kg)

Percentage gut content of EBW (%) = (Weight of full gut /EBW)* 100

3.3.6 Measurements of meat quality parameters

(left side), 8 animals per dietary treatments Graz+COO.A total of 64 carcasses

Graz+C50, Hay+C60 and Hay+ClOO were sampled fbr meat quality measurements.

Meat quality parameters assessed were carcass temperature, pH, carcass composition,

and LD area.

3.3.6.1 Carcass temperature

Measurement of carcass temperature was taken at the 10th rib of the right side of the

in the Longissinnis dorsi (LD) muscle. The temperature measured bywascarcass

insertion of Digital meat thermometer (FUNKUTION Digital stegetermometer) to the

muscle. The readings were performed at 45 minutes, 6, 24 and 48 h post-mortem (pm).

Carcasses were kept at room temperature fbr 10 hours and then were taken to storage

The temperature readings at 45 minutes and 6 h pm were performed at roomroom.

temperature, while the readings at 24 and 48 h pm were performed while the carcasses

carcass with a high degree of external fat (subcutaneous). High value fbr conformation
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were in chiller room. Before and after every reading the instrument was thoroughly

cleaned with distilled water and wiped with cotion wool.

3.3.6.2 Carcass pH reading

Measurement for carcass pH was taken at the where temperature wassame area

measured. The rate of the pH fall in the LD was measured by inserting a penetrating

electrode (Mettler Toledo) on the muscle at 45 minutes, 6, 24 and 48 h pm using a

portable pH-meter (Knick-portamess 911, Germany). Using a scalpel blade, fat was cut

through and the probe was inserted into the muscle at a slight downward angle and

twisted gently back and fourth until when the pH was stable and the readings were then

taken. The pH meter was calibrated at room temperature of 28°C in buffer solution for

pH 7 and pH 4. The pH meter was again calibrated at 4°C of buffer solution for

measuring pH of cold carcass at 24 and 48 h pm (the recorded pH at 48 hrs was the

ultimate pH). The calibrations of temperature were as the internal temperature of the LD

described by Rosenvold et al. (2002).

3.3.6.3 Carcass composition

The 6lh rib sample joint of the left side of the carcass was obtained according to Robelin

and Geay (1984) method and used to predict the whole carcass composition. The joint

intramuscular and subcutaneous tissues which included cartilage tissues. The weight of

then expressed as percentage of the joint weight to obtain thethe components was

estimate of the carcass composition (Olivan et al.t 2001).

was weighed (kg) and then dissected into fat, lean and bone tissues. Fat was made up of

relative distribution of the tissue. The use of 6th rib joint have shown to give a good
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‘I he Longissimus dorsi (LD) was traced over the 5lh rib from the same left side of the

placing an A4 standard transparency on top of the LD. The area was then drawn by

tracing with a pennaneni marker pen (Mette. C. EU Project guideline personal

communication, 2008). The traced transparency was labelled and used to calculate the

area which was done as follows:

• The used transparency was cleaned from other dirty and only the traced line was

left to appear and then weighed (Wl. g)

• Then the length and width of the transparency was measured so as to calculate the

area of the whole transparency (length x width (mm) = Al mm

• The area of LD that was traced /marked on the transparency was then cut by a

pair of scissors and weighed (W2, g).

• The area of the LD (A2, mm2) = (Al mm2) * (W2, g)/ (Wl, g)

3.3.7 Assessment of meat quality parameters

3.3.7.1 Preparation of meat samples

removed 48 hrs post-mortem. From each rear end of the LD muscle, a sample of 2 cm

thick, equivalent to 120 g was cut and labelled fbr determination of drip loss (Honikel,

1998; Otte and Chilonda, 2002). The remaining piece was used for assessment of shear

force. A total of three pieces (7 cm long) were cut along the fibre direction from the

remaining LD muscles, labelled and sealed in polythene bags fbr further tests.

3.3.6.4 Measurement of Longissimus dorsi (LD) area

Meat quality measurements were performed on the Longissimus dorsi (LD) muscle 

excised from the left side of the carcass. The LD muscle from the 7th to the 13山 rib was

carcass that remained during removal of the 6th rib. The area of LD was measured by
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3.3.7.2 Determination of Drip loss

From the cut LD piece 2 x 3x 1 cm, the associated adipose tissue or parts of AL spinalis

and M. nudtifidus were carefiilly removed from the sampled piece but leaving the facia

around the muscle. Immediately the sample was weighed and a length of thin string was

threaded through the top of the muscle sample and the sample was placed inside a plastic

net. The net was used to prevent the meat from touching the inside of the plastic bag to

avoid dripping by capillarj- action. A plastic bag of standard weight and dimension was

drawn up around the netted muscle slice with the string protruding from the open end.

I'he bags were inflated by mouth and tied tightly around the supporting string. The bag

with samples (2x3x1 cm) was then suspended in a chilling room (1 士 2°C) for the next

48 hrs. At the end of the storage period the muscle samples were removed from all the

bags and nets, gently blotted with dry paper towel and weighed. Drip loss was calculated

as the loss in weight of the muscle sample and was expressed in percentage of the initial

sample weight.

3.3.7.3 Shear force, thawing and cooking loss determination

The three pieces of LD muscle were aged for intervals of 2, 10 and 20 days. A peace of 2

days ageing was taken 48 h post-mortem (pm) and sealed using normal sealer and frozen

-20°C. The other two pieces were kept in the chilling room at 0 to 4°C and further aged

for 8 and 18 days that is 10th and 20th days after slaughter respectively. After the

completion of each ageing time, each sample was taken from the chilling room and

transferred to the freezer until analysed.

Meat toughness was determined using the Wamer-Bratzler Shear Force (WBSF)

machine (Zwick/Roell Z2.5, Germany). The meat pieces to be assessed for shear force

were weighed and then thawed for 12 h at 4 °C and re-weighed. The difference was the
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circulating water bath. Cooking was arrested by placing samples in cold tap water which

had been flowing for about 2 h. The tap water was left flowing on top of the container

with samples for 2 h until the samples thoroughly cooled. Cold sampleswere were

opened and muscle juice inside was removed. The samples were wiped with clean tissue

paper and then weighed and the weight was recorded to calculate the cooking loss. Four

rectangular shaped blocks (1x1x5 cm) were cut and each block was sheared three

limes perpendicular to the muscle fibre direction with rectangular-shaped shear blade

attached to Zwick/Roeil (22.5 Germany) instrument. The average of 12 shear values

represented the WBSF force value for a sample of LD aged for 2, 10 or 20 days. The

Zwick was set with 1 kN load cell, with a crosshead speed of 200 mm/min. The

maximum load required to shear through the sample (WB peak force) was determined.

The detailed procedure for sample preparation, thawing and cooking losses assessment.

and shearing is presented in Appendix 3. Plate 6 shows the WBSF machine connected to

the operating software.

sealed with vacuum pack machine. The samples were then heated at 75 °C fbr 1 h in a

thawing loss. Each sample was opened, wiped with clean tissue paper, weighed and re-
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3.3.8 Determination of fbragc mass and botanical composition

Forage sampling was performed in three major paddocks, which formed a grazing area

for the experimental animals in dietary treatment Graz+COO and Graz+C50. The size of

the grazing area allocated to the experimental animals was estimated to be 9 ha.

Estimation of forage mass (kg/ha) was performed three times during the experimental

was assessed by clipping herbage at a height of 1-1.5 cm above ground using a pair of

secateurs in 58 randomly placed 0.25 m2 quadrants in the entire grazing area (Reppert et

al. 1962). The clipped forage samples from each point were immediately weighed using

Plate 6: A researcher operating Warner-Bratzler Shear Force (WBSF) machine 
(Zwick/Roell Z2.5, Germany) fbr measuring meat tenderness

period, at the beginning, 30lh and 60th day from the start of the experiment. Forage mass



81

spring balance and packed in dry paper bags. The samples from each sampling unita

were then air dried for 25 days. After drying the samples were again weighed. The

average dry weight of samples per quadrant was then used to calculate the forage mass of

the fresh air dry matter per hectare.

Forage mass was estimated by using the formula:

Average air dry weight (kg) X 10,000 m2)/Forage mass (kg DM/ha)

Area of a quadrant in metres (0.25 m2) ⑴

The forage mass was determined three times in each experiment to obtain the trend on

available forage (kg DM/ha). The air dried samples were further transported to the

National Livestock Research institute (NLR1), Mpwapwa fbr dry matter determination.

The samples from the entire grazing area were then ground hammer mill of 1 mm sieve

and the samples were thoroughly mixed to obtain representative samples. Thereafter, the

samples were transported to the Department of Animal Science and Production (DASP)

at Sokoine University of Agriculture (SUA) fbr chemical analysis.

Forage botanical composition was estimated in two established transect lines along and

10 metres interval in each transect line. A total of 35 and 26 quadrants were sampled

along and across the tvvo transects established in the grazing area prior to inception of the

experiment. Forage specie frequency was calculated by counting the number of times the

individual species had appeared in each thrown quadrant. Percentage frequency was

obtained by dividing the number of frequency of each species observed in all the

quadrants with total number of frequency of all observed species from all the quadrants

across the entire grazing area. Forage botanical composition was performed once at the 

start of each experiment. Sampling was done by placing a 0.25 m2 quadrant on ground at
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tor the whole grazing area. The forage identification facilitated by a localwas

experienced botanist from National Livestock Research Institute (NLRI), Mpwapwa.

3.3.9 Determination of chemical composition of feeds

Chemical composition of grazed forages, grass hay, maize meal, cotton seed cake (CSC)

and concentrate mixture were assessed for dry matter, ash. crude protein, cell wall

components and in vitro digestibility. Dry matter (DM), crude protein and ash contents

were analysed according to the recommended procedure of AOAC (2000). The cell wall

components of the forages were analysed according to Goering and Van Soest (1991)

procedure which included neutral detergent fibre (NDF) which was ash free using

sodium sulphate solution and acid detergent fibre (ADF). In evaluating the in vitro

digestibility of feeds, the two stage technique developed by Tilley and Terry (1963) was

used.

3.3.10 Statistical model and data analysis

Data were analysed using General Linear Model (GLM) and Mixed Model procedures of

Statistical Analysis System (SAS, 9.2; 2002). The significant differences between

treatments were compared using the PDIFF option of SAS (9.2). Covariance analysis

(within breed) was used to correct for the variation in initial body weight for animal

performance parameters. The models used were as follows:

1. Model: Feed Intake and Feed Conversion Ratio

The first model was the feedlot feed intake and feed conversion ratio which included the

fixed effect of the breeds and diet levels as treatments and the interaction of the main

effect and the random error.
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Model = // + A, + By + (AB)y + e* (2)

Yi/k = measurement of a unit pen (animal group)

Overall mean : A, = effect of 产 breed

B7 = effect ofj'lh dietary treatments

(AB)// = interaction of /th breed and jlh dictar>z treatments

random error

2. Model: Animal weight gain and carcass characteristics

The model for weight gain, carcass and non carcass characteristics included the fixed

effects of breed, finishing diet and their interactions and the random error. Initial body

weights of the animals were used as covariate.

Model Yija = /z + A, + By + (AB)〃 + b(x泌N + 弘 (3)

measurement of an individual animal

Overall mean; Af = eflect of breed

By = effect ofy01 dietary treatment

(AB)(/ = interaction of 产 breed and，山 dietary treatment;

Xi/k = the record of the live weight of individual

random errorb = regression of Y泓 on x^. e^

3. Model: Effect of breed, diet and ageing on meat quality parameters

In analysing the data, the model for meat ageing included the fixed effects of breed,

dietary treatments, time of ageing, interaction of the main effects and the random error.

Model Yijti = g + A, + B/+ &+ (AB)〃 + (AC)及 + (BC加 + (ABC)林 + eg••…(4)

Yg = measurement of unit meat sample of individual animal

Overall mean; A, = effect of 产 breed

X = mean of Individual initial body weight
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By = effect ofyh dietary treatment

Ck = effects &山 time of ageing

(AB)// = interaction of 户 breed and严 dietary treatment;

(AC)流=interaction of 产 breed and 碎 time of ageing;

(ABC)〃*= interaction of 户 breed, J01 dietary treatment and 4th

ageing time;朝=random error

Random statement for the animal was included to account for

repeated measurement, covariance structure was compared

symmetry.

3.3.11 Financial analysis of fattening cattle

3.3.11.1 Estimation of Net returns of fattening cattle

Net returns was estimated to assess the financial viability of finishing cattle based on the

various finishing diets. The Net returns (NR) were meant to determine the profitability of

the various finishing treatments while the Gross margins (GM) were intended to measure

the profitability with which variable inputs could be converted into outputs. The main

input costs used in the calculation of returns included fixed costs and running costs.

Fixed costs were limited to the feedlot structure, animal crush constructed for animal

handling and a simple feed store. Fixed costs were calculated as annual equivalent

values for fixed assets using a simple straight line depreciation method assuming a 10%

salvage value and useful life of ten years. Annual depreciation was then converted to the

90 days feeding period. There were no interest charges included because the money used

not borrowed. Running costs included purchased cattle, purchased feeds, labourwas

costs, veterinary drugs and services provided to the animals and transportation costs.

Labour cost considered was for herding the grazing animals and labour for general
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animal care and management. Labour costs were estimated with respect to monthly

wages for minimum salary scale and the extra labour for feeding feed lot animals. Labour

(hr experimental data collection and measurements were not included. Transportation

costs included ferrying the animals from the market place to the feedlot site and fferrying

was calculated considering the normal market price used for a kilogram of carcass at

meat shops (butchery) while selling the carcass at the end of each experiment. Total Net

Returns were therefore computed as follows:

Net returns (NRs) =Total revenue (TR) - Total costs (TC) (5)

Whereas, TC = Total variable costs (TVC) + Total Fixed costs (TFC).

(6)Gross margin (GM) =TR- TVC

The NRs were calculated for each treatment with the assumption that cattle maintain

uniform growth rates throughout the experimental period. Estimated NRs under varying

prices of selling the quality beef were calculated. The price sensitivity analysis was

conducted using three hypothetical selling prices of the finished meat Tshs 3500/=, Tshs

5500/= and Tshs 7000/= per kilogram of carcass. The hypothetical prices used were

current prices found in the supermarkets for imported quality steaksbased on some

which ranged from Tshs 5,000 and Tshs 30,000 per kg of a particular steak or meat cut.

3.4 EXPERIMENT 2: Finishing Cattle During the Dry Season

The main aim of this experiment was to evaluate the effects of breeds of cattle (TSHZ

and Boran) and three different dietary treatments on performance, and meatcarcass

characteristics during the dry season and examine the effect of meat ageing on meat

tenderness. It was apparent that the wet season had a confounding effect on the growth

finished animals to the slaughter house were the same for all the treatment. The revenue
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performance of animals on Graz+COO and animals on Graz+C50 which had the lowest

amount of concentrate supplement. Hence the need to take into consideration season

effects in feedlot trials.

3.4.1 Experimental design and treatments

A total of seventy two (72) steers composed of thirty six (36) Boran and 36 TSHZ were

randomly allocated to three dietary treatments in a 2 X 3 factorial experiment in a

completely randomized design (CRD). The three dietary treatments were grazing alone

(Graz+COO) as control, grazing plus 50 % ad libitum concentrate intake (Graz+C50) and

ad libitiun hay intake and ad libitum concentrate intake (Hay+C 100). Animal in

Graz+C50 and Hay+C 100 were placed in 3 pens per dietary treatment. Each pen was

used as an experimental unit for feed intake and individual animal was considered as an

experimental unit on weight changes, carcass and meat quality analysis.

3.4.2 Source of experimental animals and management

except that the animals were of different age and weight. The age range for Boran was 2

to 3 years and average initial liveweight was 225 kg while TSHZ aged ranged from 3 and

4 years and average initial liveweight was 117 kg. The feedlot structure (Plate 1) used in

Expt. 1 was also used for Expt. 2. Animals were randomly allocated to dietary treatments

after blocking them to initial liveweight groups. Animals on feedlots were housed in

twelve pens each pen having four animals.

followed by experimental period of 90 daysA preliminary period of 15 days was

whereby animals on Graz+COO and animals on Graz+C50 were grazing in the same

The source and management of experimental animals was as described under Expt. 1
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paddock used in Expt. 1. Those on Graz+C50 were taken to their respective pens in the

evening. Concentrate used in Expt. 1 was given to animals under Graz+C50 depending

Hay+ClOO in that day. All animals in

Hay+ClOO were given liberal supply of hay and concentrate until ad libitum intake was

attained.

3.4.3 Feeds, ration formulation, feeding and management

The source of feeds, ration formulation, feeding methods and management employed

were similar to those used in Expt. 1.

3.4.4 Feed intake and body weight measurements

feed intake measurements. TheThe procedure similar to Expt. 1 was followed on

computation for feed intake and weighing of animals and the calculation for average

daily gain were similar to Expt. 1.

3.4.5 Slaughtering of experimental animals and taking measurements

3.4.5.1 Slaughtering procedure

presented in Appendix 4. The animals for slaughter

treatment and breed randomly and tran叩orted to the abattoir. The animals were fasted

for 13 - 15 h prior to slaughter. Other slaughtering procedures at abattoir handling of the

carcasses were similar to those used in Expt. 1.

At the end of experimental period, animals were taken for slaughter at Dodoma abattoir. 

Twenty four animals were slaughtered each day on the 87, 90th, and 93rd day. Therefore

were picked from each dietary

on average the fattening period lasted for 90 ± 3 days. The schedule for slaughtering, 

carcass measurements, and sampling of LD muscle and dissection of 6th rib joint are

on the amount consumed by animals on
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3.4.5.2 Other carcass and meat measurements procedures

All the non-carcass components, carcass weight, derived carcass measurements, linear

carcass measurements and measurements of meat quality parameters were measured

using similar procedures as in Expt. 1.

3.4.6 Determination of forage mass and forage botanical composition

Forage sampling was performed in the paddocks grazed by the animals. The same

methods and techniques for estimating forage mass, and forage botanical composition

used in Expt. 1 was followed.

3.4.7 Determination of chemical composition of feeds

The standard procedure used for determination of chemical composition of feeds in Expt.

1 was also employed in Expt. 2.

3.4.8 Statistical model and data analysis

In analysing the data, the three models used in Expt. 1 was also employed in Expt. 2.

3.4.9 Financial analysis of fattening cattle

The Net returns and Gross margin estimation considering the input and output

relationship was estimated as done in Expt. 1.
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CHAPTER FOUR

4.0 RESULTS

4.1 Results for Experiment l:Finishing Cattle During Wet Season

This section presents results from Expt. 1, where the response of two breeds of cattle

(Tanzania Shorthorn zebu (TSHZ) and Boran) tested for five different dietarywas

treatments during the rainy season.

The major dominant species were Aristida adescionsis (16%), Dactylocteriuni aegyptium

(13%), Cenchrus ciliaris (12%), Macrotyloma uniflorum (11%), Urochloa trichopus

(10%) and others (38%) (Appendix 5). The few identified perennial palatable species

species sparsely distributed, including Acacia tortilis, Albizia spp. and Commiphora spp.

of grazed pastures and values of chemicalforageTable 11 gives the massmean

composition for the grazed pastures, hay and the concentrate diet used in Expt. 1. Forage

increased from 750 kg DM/ha at the beginning (December 2007) to 2240 kgmass

DM/ha at the end of experiment (March, 2008). At the start of the experiment, the

natural pastures had high dry matter (DM) and neutral detergent fibre (NDF) contents

and these declined slightly to the end of experiment. Low values (41 g/kg DM) of crude

protein (CP) content were observed from the forages sampled at the beginning of the

experiment and in the subsequent monthly sampling, CP values increased with time

reaching a peak of 117 g/kg DM for the sample that was taken at the end of March 2008.

The estimated ME contents of the forages increased slightly from 9 to 10 ME MJ/kg

4.1.1 Forage mass and nutritive values of feeds used

were Cenchrus ciliaris and Chloris virgala. The grazed paddocks had some browse tree
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DM. The hay used had high DM content (936 g/kg hay), low crude protein content (49

g/kg DM) and low values of in vitro digestible organic matter (/KDOM) (418 g/kg hay)

with 6.6 ME MJ/kg DM.

Table 11: Forage mass (kg DM per ha) of grazed pasture and Chemical

composition of forage, hay and concentrates mixture in Expt.l

Type or feed ME

8.8560 41 741 467 88 553750
90 576 9.21610 569 344518 73

625 10.199 552 289 1171870 486
110 563 9.0449 255359 1172240

579 9.3341 10183 5781618 481Mean

70 408 6.5474747935 55
67 418 6.7780 45344937HAY 2-March 08

764 464 69 413 6.6936 50Mean
Concentrate:

62216 825 13.2135 51823Concentrate mix
756280 11 12.195 21895Maize meal

263 53 734 11.7252 391918Cotton seed cake
i Estimates ME MJ/kg DM = 0.016 DOM (McDonald et al., 2002).

4.1.2 Growth performance and feed intake

The treatment effects of breed and diet on growth performance and feed intake of cattle

differences between diets on the average initial liveweight (ILW) were not significant

(P>0.05). However, the ILW of Boran steers was significantly (P<0.0001) higher (168

Roughages:
HAY 1 一 Dec07

January 2008
I-'cbruary 2008
March 08

Grazed pastures:
Nov/Dec07

are presented in Table 12. LSMeans for the main effects are given in Appendix 6. The

Mass DM Composition (g/kg DM) ZvDOM 

kg (g/kg (MJ/
DM/ha g/kg CP NDF ADF ASH DM) kg DM)
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99 kg) than TSHZ. Boran had higher (P<0.001) final liveweight (FLW) (241 vs. 162vs.

kg) and gained more weight (74 vs. 63 kg) and had higher average daily gain (ADG)

(736 vs. 623 g/d) than TSHZ. Steers fed on Hay+C 100 had the highest (P<0.05) FLW

(218 kg) followed by those on Graz+C50 (206 kg). Steers on Graz+C50 had higher

(P<0.05) FLW than those Graz+COO. However, lhe mean FLW of steerson on

Graz+C50 (206 kg) was not different (P>0.05) from those on Hay+C80 (203 kg). The

pastures were better feed in all aspects than the hay (Table 12). Steers fed on Graz+COO

(195 kg) outperformed those fed on Hay+C60 (186 kg). Steers on Hay+C 100 had higher

ADG (833 g/d), followed by those on Graz+C50 (717 g/d), Hay+C80 (672 g/d).

Graz+COO (624 g/d) and lastly those on Hay+C60 (552 g/d).

Mean values of feed intake for steers fed under feed lot condition (Hay+C60. Hay+C 80

and Hay+C 100) are also presented in Table 12. Boran had higher (P<0.0001) total DM

intake (6.9 kg/d) than TSHZ (5.7 kg/d). The DMI as percent of liveweight was higher in

TSHZ (3.5 %) than Boran (2.9 %). Boran steers had slightly (P<0.05) higher FCR (9.8)

than TSHZ (8.9). Steers on Hay+C60 had highest intake of hay and least intake of

concentrate. There was significant interaction between breed and diet on hay intake,

concentrate intake, ADG TDM I and ME MJ/ kg gain.
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On overall perspective steers fed Hay+ClOO had highest total DM intake (6.8 kg/d)

followed by Hay+C80 (6.3 kg/d). However, the differences were not significant. Steers

1 lay+C 100 were the most (P<0.05) efficient in feed conversion (kg feed/kg gain)on

followed by those on Hay+C80 and least for those on Hay+C60.

I'hc pattern of weight changes with time as influenced by dietary treatment for Boran

and TSHZ breeds of cattle is illustrated in Figure 5. The trends of weight changes

brought by dietary treatments were similar between the two breeds. The weight of the

animals increased sharply in the first 30 days for all the diets but this increase was less

pronounced in steers on Graz+COO and Hay+C60. After 60 days, there were clear

differences between diets from different dietary treatments. Generally steers on

1 lay-t-C 100 were superior in daily weight gains throughout the experimental period and

therefore attained relatively higher final liveweight at the end of the experiment. Despite

the differences in initial body weight, the two breeds gained similarly but at a different

magnitude throughout the fattening period. Boran having higher ADG (736 vs. 623 g/d)

than the TSHZ.
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4-1.3 Erfects of breed and diet on killing out characteristics in Expt. 1

Table 13 gives the LSMeans of the main effects of breed and diet on killing out

characterislics, non carcass components and their relative percentages to the liveweight.

The LSMeans for the treatments and the interactions of the main effects are given in

Appendix 7. Boran steers slaughtered at a heavier (P<0.05) liveweight. hencewere

higher (P<0.05) empty liveweight (ELW) and hot carcass weight (HCW) than TSHZ.

Irrespective of breed. ELW and HCW increased with increasing amount of concentrate

offer, except for treatment Hay+C60 which showed lower values than animals onon

Graz4-C50. Overall steers on Graz+C50 performed (P<0.05) better than those that

received I Iay+C60 in most parameters studied. Steers on Hay+C 100 had heavier HCW

followed by Graz+C50, Hay+C80 and Graz+COO and had highest dressing percentage

(DP), followed by Hay+C80 and Graz+C50. The mean DP ranged from 49 to 52 %

between breeds and 49 to 55 % between the dietary treatments.

Fig. 6 presents trends in DP for both Boran and TSHZ as affected by amount of

concentrate supplementation. The DP was higher in Boran than TSHZ in all treatment

and tended to increase with concentrate intake.
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44
Graz^COO Graz*C50 Hay-€SO Hay-ClOO

■ Boran

Boran steers had higher (P<0.05) weights of pluck, gut content, mesenteric fat and the

total trimmed fat than TSHZ. Expressing these parameters as a percent final liveweight

however, the values were significantly (P<0.05) higher in TSHZ than Boran. Diets had

significant effect (P<0.05) on pluck weights, kidney, mesenteric fat and total trimmed

fat. There was no clear trend as far as pluck and kidney weights were concerned while

amount of total fat increased with concentrate intake. Gut content decreased with amount

of concentrate on offer. When expressed as % FLW, gut content was significantly higher

with grazing animals (Graz+COO and Graz+C50) than those under feedlot condition

(Hay+C60, Hay+C80 and Hay+ClOO).

The mean proportions of mesenteric fat and total fat to FLW increased with concentrate

supplementation.

Figure 6: Dressing percentage (DP) of Boran and TSHZ steers in Expt. 1 as 
influenced by dietary treatments

HayY60
Dietary treatment

Tanzania Shorthorn Zebu
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Hay-C80 Hay-ClOOGraz 斗 COO Graz+C5O

■ Boran

n「百
广 
；

Hay+C60 
Dietary treatment

□ Tanzania Shorthorn Zebu

Figure 7: Values of gut content as percent of the FLW of Boran and TSHZ

4.1.4 Carcass linear measurements and classification

1'able 14 gives the LSMeans for the main effects of breed and diet on carcass linear

measurements and classification. The LSMeans for the individual treatment effects are

presented in Appendix 8. Average carcass length, chest depth, limb circumference and

fat thickness of Boran carcasses were higher (P<0.05) than those for TSHZ. Diets did not

a fleet (P>0.05) carcass length and limb circumference. Carcass chest depth, however

was affected (P<0.05), where carcasses from animals on Hay+ClOO had highest length

(57 cm) compared to those from animals on HayK80 and Graz+C50 which both had

chest depth of 53 cm. Carcass fatness and back fat layer increased with increasing

concentrate intake. Carcasses from Hay+ClOO had the highest fat thickness and back fat

laver in the two breeds <4.1: 1.3 cm for Boran and 3.1: 1.5 cm for TSHZ). Although

98

The results indicated that the mean proportions of gut content to FLW persistently

declined with increased concentrate intake in both Boran and TSHZ steers (Fig. 7.).
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breed had significant difTerence (P>0.05) on Longissinius dorsi (LD) area, Boranno

carcasses had larger (39 cm2) LD area than TSHZ (32 cm2). Carcasses from Hay+C60

(25 cm2), whereas Hay+ClOO had the largest (50

Breed and diets significantly (P<0.05) affected carcass conformation. Boran scored

higher (9) than TSHZ (7) on carcass confbnnation (P<0.05). On average, carcasses from

animals on Hay+ClOO had the highest conformation score for Boran (10) compared to

that of TSHZ (8). There was no breed differences (P>0.05) on carcass fatness and meat

colour. The values for carcass fatness increased with the increased in amount of

concentrate intake while that of meat colour decreased.

Meat colour in carcasses from grazed animals (Graz+COO and Graz+C50) had higher

(P<0.05) scores (4.4 and 4.1 classified as dark yellow and a little dark respectively)

compared to those under feed lot (Hay+C60. Hay+C80 and Hay+C 100) with score 3.1

and 2.8 both classified as normal respectively.

cm2).

had the smallest (P<0.05) LD area
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4.1.5 Composition of the 6th rib joint in Expt. 1

The proportion of lean meat in the 6lh rib joint for Boran (64 %) was lower (P<0.05) than

that of TSHZ (67 %) while percentage composition of fat was higher (P<0.05) for Boran

(18 %) than that of TSHZ (16 %) as presented in Table 15. Boran had higher proportion

of bone (18%) than TSHZ (17 %) although the difference was not significant (P>0.05).

Animals with heavier weights (Graz+C50 and Hay+C 100) had higher proportion of fat in

the carcass than their counterparts. The ratio of lean to fat was higher (P<0.05) in TSHZ

(4.8 vs. 3.8) than that of Boran. Lean to fat ratio decreased with increased concentrate

supplements in the diets. Neither breed nor diets influenced the ratios of lean to bone and

iat to bone.

There was no breed and diet interaction effects on 6lh rib joint composition (Appendix 9).
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4.1.6 Meat quality characteristics

4.1.6.1 Post-mortem (pm) Temperature changes on Longissimus dorsi (LD)

• here was no significant interaction (P>0.05) between breed and diet on the rate of fall

of temperature on LD pm and therefore, main effects of breed and diet were presented

(Figure 8 and 9 respectively).

LSMeans for treatments and the interactions cfleets presented in Appendix 10.are

i cmpcrature for Boran carcasses was higher than that of TSHZ at all recording periods

except at 48 h pm. Temperature decline on LD muscle differed (P<0.05) between Boran

and TSHZ by 1.9°C, 0.9°C and 0.9°C at 45 minutes pm, 6 h pm and at 24 h pm

respectively. Temperature fall (TdropI) from 45 minutes to 6 h pm and from 6 h to 24 h

pm (Tdrop2) were similarly higher (P<0.05) for Boran carcasses than those of TSHZ.

Temperature readings on LD pm were highest in animals on Hay+C 100 than for other

treatments in all the measurements recorded.

from high concentrate diets (Hay+C60 andtendency forThere carcasseswas a

I lay+C 100) to retain more heat than those from other dietary treatments. The rate of fall

of temperature (TdropI) was highest (12.8 °C) in LD from grazing animals and lowest

(11.4°C) in LD from carcasses on ad libitum concentrate intake (Hay+C 100). Opposite

results were however observed on Tdrop2.
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Figure 8: Effects of breed on temperature changes of Longissimus dorsi (LD)
muscle in Expt. 1

Figure 9: Effects of diet on temperature changes of Longissimus dorsi (LD) muscle 
in Expt. 1
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4.1.6.2 Changes in pH of LD muscle post-mortem in Expt. 1

LSMeans on lhe main effects of breed and diet on post-mortem pH of the LD muscle is

presented in Figure 10 and 11 respectively. LSMeans fbr treatments and interaction

effects arc shown in Appendix 11. There was no breed effect (P>0.05) on pH changes of

LD muscle from the slaughtered steers at 45 minutes, 6 and 24 h pm. However, the

values of pH of LD muscle at 48 h pin and pHchange 1 were higher (P<0.05) fbr Boran

than TSHZ. At 6 h pin the mean pH value of LD of carcasses from grazed animals

(Graz+C50 and Graz+COO) were significantly higher (P<0.05) than those on other

treatments. At 48 h pm the ultimate pH values ranged from 5.64 fbr Graz+COO to 5.66

fbr Hay+ClOO. Diet significantly affected (P<0.05) pHchange I where it was highest fbr

LD under Graz+COO. The pH readings at 45 minutes pm were highest and ranged from

6.29 - 6.37. There was significant (P<0.05) interaction effect between breed and diet on

pH values at 6 h pm. The tendency was fbr the pH of LD muscle pm to decrease

(P<0.05) with increase in the amount of concentrate intake, thus LD muscle of carcasses

from dietary treatment Hay+C 100 had lowest pH value (5.70) and those from Graz+COO

had the highest pH value (5.98). The ultimate pH at 48 h pm of LD from Boran and

TSHZ ranged from 5.6 一 5.7. There was no evidence fbr diet differences at ultimate pH

(48 h) of LD muscle.
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Figure 11: Effects of diet on pH changes of longissimus dorsi (LD) muscle post­
mortem in Expt. 1
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Figure 10: Effects of breed on pH changes of longissimus dorsi (LD) muscle post­
mortem in Expt. 1
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The interrelationship between temperature, pH and time of LD muscle in Boran and

TSHZ for each dietary treatment is shown in Fig. 12. Temperature and pH readings on

22.5 °C and pH 6.LD muscle from both Boran and TSHZ carcasses on average were

respectively. The temperature and pH readings declined to almost stable at ultimate 48 h

pm and the LD muscle at ultimate temperature and pH values ranged 2.0 ・ 2.5 °C and

5.67 - 5.71, respectively for Boran, and 2.1 一 2.5 °C and 5.60 一 5.64, respectively for

TSHZ. In both breeds, there was a relationship between temperature fall and pH changes

with time as shown in Fig. 12. There was drastic fall in both temperature and pH of LD

muscle from 45 min to 6 h and stabilizing at 24 to 48 h pm.
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4.1-6.3 Effects of breed, diet and ageing time on meat quality attributes in Expt. I

I able 16 shows LSMeans of the main effects of breed and diet on drip loss. thawing loss.

cooking loss and shear force of LD muscle from Boran and TSHZ. Effects of the

individual treatments on drip loss, thawing loss, cooking loss and shear force are given in

Appendix 12. There breed effect (P>0.05) observed for drip and thawingwas no

(P>0.05) losses. The highest (P<0.05) drip loss (5.7%) was observed in carcasses

produced from animals on Graz+COO and lowest value (2.7%) in those on Hay+C60.

Thawing losses decreased with increasing concentrate level and the lowest value (4.1 %)

was on dietary treatment Hay+ClOO. Cooking loss was higher (P<0.05) in TSHZ than

Boran but there was no dietary effect. The overall mean values of the shear force ranged

from 42 to 60 N. TSHZ had higher (P<0.05) mean WBSF value (52 N) than those from

Boran (48 N). The grazing animals had higher (P<0.05) mean shear force value (60 N)

and the values decreased with increasing level in concentrate intake with ad libitum

concentrate diet having the lowest mean shear force value (42 N). There was no

significant interaction (P>0.05) behveen breed, diet and ageing time on the parameters

measured on meat quality attributes.
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Parameter

32 32

Boran 4.0 4.5
TSI1Z 4.7

16161616

Graz»C00

column on specific parameterLS Means with di fl erent superscripts in the

Table 17 gives the LSMeans on thaw ing loss. c<\?king loss and shear force on LD muscle

as affected by ageing time of the meal. The LSMeans of breed vs. ageing and diet vs.

.W点瞄 13 and 14. Thawing loss decreasedageing on LD muscle are presented

(P<0.05) with increased ageing

at 2 days to 23.8 % at 20 褊、、:Xv ciuerviwe was not significant. The

percentage thawing loss JzimwZ《W5、uxereasing ageing time from 2 to 10

days by 9 %.

Drip loss Thawing loss (%)

(%)

0.6

0.4431

0.5
0.0006

0.7
0.2363
0.9608

Breed (B)

No of obs.

0.3
0.0392
0.9810

26.5
27.1
26.3
24.6

32 

47.5b 
51.7a

1.4 
0.0386

0.5
0.4864

SEM

P-value
Dietary treatments (D) 

No of obs.
5.la 
4.9ab 
4步 
4.1C

32

24.5b
27. la

5.7a
4.3b
2.7C
3.5bc
0.5

<.0001

0.7701

60.2a 
50.7b 
45.8C
41.8C
2.0 

<.0001 
0.1667

Graz+C50
Hay *C60
Hay+ClOO

SEM
P-value

Table 16: LSMeans of the main effects of breed and diet on percentage drip loss, 
thawing loss, cooking loss and shear force on LD muscle in Expt. 1

Meat quality attributes

Cooking loss Shear force (N)

(%)

P-vakie B*D

abc LSMeans with di fl erent superscripts in the same column on specific parameter are 
signiricantly different (P<0.05). P-value = Probabilitj- values: Standard error of mean (SEM); 
Graz+COO = grazing alone as control: Graz*C50= grazing 十 50 % 々d libitum concentrate intake: 
Hay+C60 and Hay+ClOO = {ad libitum hay - 60 and 100°oof the ad libitum concentrate intake 
respectively)

c. cf I D muscle decreased (Yom 26.6
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Ageing meat from 2 to 10 days resulted into 22% reduction (P<0.05) in shear force of

LD muscle (1'ablc 17). Additional 10 days ageing decreased shear force values by 24%.

The rate of decrease in shear force values on LD muscle increased at a decreasing rate.

LSMeans of the main effects (breed, diet and ageing time) on shear force of LD muscle

from Boran and TSHZ are illustrated in Fig. 13. There were no (P>0.05) interaction

cfleets on shear force values between breed, diets and ageing time. The significant

inlcraclion effects (P<0.05) were observed between breed and diet, and diet and ageing

time. In all the dietary treatment studied, increasing ageing time decreased (P<0.05)

shear force values but the extent of decrease in shear force values depended on the level

of concentrate supplementation, with the rate of decline been less in concentrate diets.

5.1
24.2

48.7 b

Thawing loss (%)
Cooking loss (%)
Shear force (N) 

abc

Table 17: LSMeans of the main effects of ageing time (days) on percentage thawing 

loss, cooking loss and shear force on LD muscle in Expt. 1 

Parameter Ageing time (days)
2 10 20 SEM P-Value

TP zr 02 <.oooi
26.6 24.2 23.8 0.6 0.0502

_________________62.9』 48.7- 373 1.5 v.0001 
LSMeans with different superscripts in the same row are significantly different 

(P<0.05). P-vakie = Probability values; SEM= Standard error of mean.
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4.1.3 Net returns (NRs) of fattening cattle in Expt. 1

Net returns (NRs) of fattening cattle (Boran and TSHZ) under the five dietan* treatments

used in Expl. 1 presented in Table 18. The tables also give Net returns fromarc

purchasing cattle (i.e. none intervention), slaughtering and selling the carcass directly

instead of keeping the animals fbr 100 days on pasture as the case in Graz+COO. This

table is derived from costs of inputs used (Appendix 15), costs fbr individual treatment

(Appendix 16-17) and estimated unit cost of producing one kg of carcass (Appendix 18

and 19). Sensitivity test fbr estimation of break even point using feed price fbr the two

extreme dietary treatments under Graz+COO and Hay+ClOO for Boran and TSHZ were

described in Appendix 20-23. The highest profit was obtained when animals were bought

from auction, slaughtered and sold directly in the butchers (non intervention option), net

returns being Tshs 92,000 fbr Boran and Tshs 62500 fbr TSHZ. Animals on Graz+COO

had also positive net returns; values fbr Boran were 8 times the NR values fbr TSHZ, Net

negative in all other treatments with values decreasing with increasereturns were

supplementation. Boran had lower negative net returns than TSHZ in all treatments

implying that the losses are more pronounced in TSHZ.
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Table 18: Cost and Net returns (Tshs. *000) per head of Tattening cattle in Expt. 1

Boran
Cost of animals 198198 198198
C'oncentratc mix 154136127

0 0
0 30.0 30.0
0 5.85.85.8 5.85.8
0 22.722.716.6 22.712.7

20.020.0 20.020.010.0 20.0
401383331 373

1 ixed costs 13.013.013.0 13.0
l olal Cost 396 414386344208 267
l olal Revenue 355293 318320300300

-45.5-65.4-11.3 -80.633.592.0
-58.5-93.5 -78.4-24.333.592.0

Nel relurns 2 83.548.6103.7 23.5
Net relurns 3 302.6 367.5359.7 257.5
Nel returns 4 493.1 580.5432.9551.7
Tanzania Shorthorn zebu
C'osl of animals 115 115115115
Concentrate mix 12911242.9 94.7

00 0.0
0 30.030.0
0 5.85.8 5.85.85.8
0 22.7 22.7 22.716.612.7

20.0 20.0 20.020.020.010.0
283 276 309230

Fixed costs 13.0 13.013.0 13.0
Total Cost 296 289243 322184125
lolal Revenue 195188 210 175 243188

-20.3 -108 -80.74.0 -66.162.5
-93.6-33.2 -121 -79.04.062.5

Net returns 2 50.7 -26.2 -15.6 34.1
Net returns 3 140.4218.7 113.8 228.1
Net returns 4 344.8 218.8 257.4 373.6
*None I = control (direct purchase and sell immediately)

17.3 
0

198
0

27.2
0

184 
0

208
0

115 
0

125 
0

24.8 
0

23.5 
0

115
0

198
0

267
0

16.1
0

18.6 
0

60.9 
0

Dietary treatment
None I* Graz+COO Graz+C50 Hay+C60 Hay+C80 Hay+ClOO

Gross margin
Net relurns 1

Ha\
Pasiure/Grazcd

I lay
Pasturc/Grazed

Gross margin
Net returns 1

Vet. drugs and services 
Labour (man-days) 
Transportation 
Total variable costs

Vet. drugs and services
I .abour (man-days)

1 ransporialion
I otal variable costs



115

4.2 Results for Expcricmnt 2

In this section results from experiment (Expt.) 2

two breeds of cattle (TSHZ and Boran) that tested on one fattening diet underwere

teed lot condition compared to grazing and supplementation at 50 % of the ad libitum

feeding and grazing only as a control during the dry season.

4.2.1 Forage mass and nutritive values of feedstuffs in Expt. 2

paddocks as those used in Expt. 1. The dominantGrazing paddocks were the same

species during Expt. 2 were Aristida adescionsis (20%). Cenchrus ciliaris (15%). Tridax

procumbens (13%), Chloris virgata (4%) and, Eragroslis pattern (4%). The rest of the

fbrages/shrubs made up 44% of the total fbragc. The dominant forage species identified

in the area where animals were grazing arc presented in Appendix 24.

The mean values of forage mass yield (kg DM/ha) and chemical composition for the

grazed pastures, hay. concentrate mixture, maize meal and cotton seed cake are presented

in Table 19. Forage mass yield decreased from 830 kg DM/ha at the beginning of the

experiment to 455 kg DM/ha at the end of the experiment. Dry matter of fresh samples of

grazed pasture ranged from 662 to 867 g/kg forages. Crude protein (CP) content of the

forages declined from 52 to 36 g/kg DM with progression of the study. Average values

of IVDOM of forages in the grazing paddocks decreased from 561 to 481 g/kg DM.

IVDOM of the hay was low (436 g/kg DM) and had ME of 6.9 MJ/Kg DM. The

estimated ME of forages in the paddocks declined from 9 in August to 7 (MJ ME /kg

DM) in November.

are presented to give the response of
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IV

561 9830 662 470 7452 744
8.2782 408 82 515705 45 741

480690 496 119 7.7612 821 41
7.6791 522 78 474November 08 455 867 36

413 6.656 776 467 121931
67 458 7.3768 458933 42

13.684752 83826 130 296Concentrate mixture
750 1225 18164887 150Maize meal

52 734 11.7464 334937 282Cotton seed cake
Estimated ME MJ/kg DM = 0.016 DOM"(McDonald et aL, 2002).

4.2.2 Growth performance and carcass characteristics in Expt. 2

LSMeans of the main effects of breed and diet on growth performance and feed intake of

cattle are shown in Table 20. Individual values (LSMeans) for each treatment and main

interactions effects arc given in Appendix 25. There was no significant difference

(P>0.05) in total live weight gain and ADG between the two breeds, although Boran

steers had slightly higher ADG (364 vs. 349 g/day) than TSHZ. Steers fed on Hay+ClOO

had heavier (P<0.05) FLW (283 kg) compared to the steers on Graz+C50 (229 kg) and

steers on Graz+COO (186 kg). Steers fed Hay+ClOO had highest ADG (735 g/day) and

weight (66 kg) during fattening period followed by thosehence gained onmore

Graz+C50 (377 g/day; 34 kg). Steers on Graz+COO were losing weight (-45 g/day; -5

kg).

ME (MJ/ 
kg DM) 1

Grazed pastures
August 08
September 08
October 08

HAY 1 Aug 08
/A4r2 Nov 08

Kg DM

DM/ha g/kg CP NDF ADF ASH DOM

Tabic 19: Forage mass (kg DM/ha) of grazed pasture and chemical composition of 
forage, hay and concentrate mixture in Expt. 2

Type of feed Mass (g /kg DM)
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Feed intake as affected by dietary treatment could not be assessed as it was not possible

treatments (Graz+COO andto measure DM intake during grazing fbr animals on

Graz+C50). It was observed that Boran steers on treatment Hay+ClOO. had higher

(Pv.05) total DM intake (6.1 vs. 5.7 kg) than TSHZ. There was no differences in feed

conversion ratio (11.5 vs. 12.1 kg feed/ kg gain) between Boran and TSHZ (P>0.05). The

TDM I was higher (P<0.05) in Boran than TSHZ, but expressing TDM I as percent

Liveweight, values were higher (P<0.05) fbr TSHZ (3.3%) than Boran (2.9).
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Irrespective of breed, animals on Graz+COO were continuously loosing weight and this

loss was very pronounced in the 6th weighing (Fig. 14). The steers fed Hay+C 100 were

gaining weight at increasing rate with time. The steers fed on Graz+C50 werean

intermediate in growth performance irrespective of breed. Conversely, animals on

Graz+COO were losing weight throughout the experimental period attaining lowest final

weight at slaughter. Despite the difference in initial body weight, the two breeds gained

similar weights throughout the fattening period.
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4.2.3 The main effects of breed and diet on killing out characteristics in Expt. 2

Table 21 shows the LSMeans of the main effects of breed and diet on killing out

characteristics, non carcass components and their relative percentages to the liveweight.

LSMeans for treatments and the main effect interactions are given in Appendix 26.

Boran steers had higher FLW, ELW and HCW than TSHZ. Steers fed Hay+C 100 had

significantly (P<0.05) heavier FLW, ELW and HCW than those on Graz+C50 and

Graz+COO. Steers on I lay+C 100 had higher DP (54 %) followed by those on Graz+C50

(51 %) and least in those on Graz+COO (DP (47%). Fig. 15 illustrates treatment effects

levels of concentrate supplementation. There was no difference between breed on DP for

animals on treatments Graz+C50 and Hay+C 100 but fbr those on Graz+COO, TSHZ

dressed higher than Boran.

on dressing percentage (DP). The results indicated that the DP increased with increased
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HayKlOOGraz 4 COO

Figure 15: The effects of breed and dietary treatment on dressing percentage of
Boran and TSHZ in Expt 2

Graz*C50
Dietary treatment

Tanzania Shorthorn Zebu Boran

The weight of all measured non carcass components were anected significantly ((P<0.0)

by breed and diet. Boran steers had heavier pluck weight (12.2 vs. 10.8 kg), mesenteric

fat (4.7 vs. 4.0 kg) and total fat (6.4 vs. 5.6 kg) than TSHZ. There was no difTerence

(P>0.05) on the weight of gut content between the breeds although gut content expressed

as percent of FLW was higher (P<0.05) in TSHZ than Boran (Table 27). On average the

weights of non-carcass components increased with increased in concentrate levels.

Significant (P<0.05) difference on weight of gut content was observed between diets

where steers on Graz+COO had the heaviest gut content (18 kg) followed by those on

Graz+C50 (16 kg) and Hay+ClOO (15).The difference in gut content was more

pronounced (P<0.05) between Graz+COO and Hay+ClOO (18 vs.15 kg for Boran and 18

14 kg for TSHZ). Steers fed on Hay+ClOO had the smallest proportion of gut contentvs.
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(11 % of FLW). Diets had significant effect (P<0.05) on mesenteric and trimmed total fat

expressed as percentage of FLW whereby steers fed on Hay+ClOO had more proportion

of both mesenteric and total fat than those on Graz+C50 and Graz+COO.There was no

interaction between breed and diet in any of the measured parameter (Appendix 25).

Fig. 16 demonstrates clearly that the proportions of gut content were higher in TSHZ

than in Boran and decreased with concentrate intake.
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4.2.4 Carcass linear measurements and classification in Expt. 2

Table 22 gives LSMeans fbr the main effects of breed and diet on carcass linear

measurements and EUROP carcass classification. LSMeans for the treatments and main

interaction effects are presented in Appendix 27. Boran had longer (P<0.05) carcass

length (109 vs. 101 cm), bigger limb circumference (67 vs. 59 cm) and LD muscle area

(56 vs. 47 cm2) than TSHZ. There was no significant breed difference (P>0.05) observed

in carcass chest depth. In all parameters studied, the tendency was for the carcass

measurements to increase with increase in the amount of concentrate supplementation.

Breed difference (P<0.05) was observed on carcass conformation (CC) where Boran

Hay+ClOO scored 12 on CC and 4 on carcass fatness (CF) values that are higher than

those obtained for Graz-K250 (CC = 9; CF = 3) and Graz+COO (CC = 7; CF =2 ). The

Graz-C50
Dietar>* treatment 

Tanzania Shorthon) Zebu :; Boran

Figure 16: The effects of breed and diet on gut content as percentage of the final 
body weight of Boran and TSHZ in Expt. 2

carcasses scored higher (10) than TSHZ, which scored 9. On average carcasses from

6

6

s

8

¥
 

_=
》

52
 

1



126

meat colour (MC) for carcasses from animals Hay+C 100 were normal MC (3)on

compared to carcass from Graz+C50 and Graz+COO where both had a dark colour MC

(4). Carcass conformation and fat scores, increased while score on meat colour decreased

significant interactionthe amount of concenlrate intake increased. There wasas

between breed and diet on back fat thickness (Appendix 27) where back fat thickness

higher for TSHZ fed Hay+C 100 (2.2 cm) and lower for those on Graz+COOwas

(0.5 cm).
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4.2.5 Effect of breed and diet on carcass composition

LSMeans for the main efleets for breed and diet on composition of 6lh rib joint in

absolute weight and weight of these tissues as percent of joint weight is shown in Table

23 and for individual treatments and lheir interactive effects in Appendix 28. The weight

and proportion of lean, fat and bone were not affected by breed but affected by dietary

for the values to increase from Graz+COO totreatments (P<0.05).The trend was

Hay+C100. As expected, diets had no effect (P>0.05) on bone weight during fattening.

Animals on Hay+C100 had higher (P<0.05) percent of fat (19 %) followed by those on

Graz-rC50 (11%) and Graz+COO (7%). The difference between breeds on tissue ratios

not significant where as ratios of lean:fat decreased while those of lean: bone andwas

fal: bone increased with levels of concentrate intake.
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4.2.6 Meat quality characteristics

4.2.6.1 Post-mortem (pm) temperature changes on Longissimus dorsi (LD) muscle

LSMeans of the main effects of breed and diet on temperature changes on LD muscle of

carcasses from Boran and TSHZ presented in Figure 17 and 18 respectively.arc

Treatment least-square means and their interaction effects are presented in Appendix 29.

Temperalure at 45 minutes and 6 h pm was higher (P<0.05) for Boran than TSHZ. The

not affectedlempcraturc changes at 24 and 48 h pm and the degree of drop were

(P>0.05) by breed. The mean values of temperature changes at 45 minutes and 6 h pm

increased (P<0.05) and those at 24 h pm decreased (P<0.05) with increased levels of

concentrate intake. 1'he mean values of temperature decline of LD muscle (T drop 1)

decreased whereas Tdrop2 increased (P<0.05) with concentrate intake. The mean

interaction effects between breed and diet was significant (P<0.05) at 45 minutes and 6h

pm. The tendency was fbr temperature for Graz+COO to be higher in Boran (26°C) than

TSHZ (24.9°C) but the trend changed with higher concentrate intake (Hay+ClOO), where

temperature of LD muscle was lower but not significant in Boran (30.0°C) than TSHZ

(30.2°C).
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Figure 18: Effects of diet on temperature decline of Longissimus dorsi (LD) muscle
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4.Z.6.2 Post -mortem (pm) changes in pH on LD muscle

LSMeans of the main effects of breed and treatment on pH values of LD muscle pm are

given in Figure 19 and 20 respectively. LSMeans of the treatments are shown in

Appendix 30. Irrespective of breed and diet, mean pH value was highest at 45 minutes

and gradually dropped, reaching an ultimate pH range 5.54 to 5.63 at 48h pm. There was

no observed breed effect (P>0.05) on pH of LD muscle.

Steers fed Hay+C 100 had sign由cantly higher (P<0.05) pH values at 24 and 48 h pm

compared to LD muscle from carcasses of steers on other treatments. On the other hand.

steers on Graz+C50 had lower pH values in LD muscles than those on Graz+COO. The

decrease in pH in LD muscle from 6 h to 24 h (pHchange2) was lower in carcasses of

animals fed Hay+C 100 compared to those on other dietary treatment. Interaction effect

between breed and diet on pH values was not significant.
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Figure 19: Effects of breed on pH changes of Longissimus dorsi (LD) muscle from

in Expt. 2carcasses
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The interrelationship between post-mortem temperature, pH and time in Boran and

TSHZ for each diet is illustrated in Fig. 21. Temperature readings at rigor (when pH is 6)

22.5 °C in Boran and 25 °C in TSHZ. The temperature and pH readings declinedwere

rapidly in the first 45 minutes and 6 h pm in both breeds. The pH from steers on

Graz+COO declined faster followed by Graz+C50. The fall in temperature and pH was

rather slow towards 24 h and almost reached stable at 48 h pm in both breeds. Carcasses

on Hay+ClOO had consistently higher pH values even at 48 h pm.
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4.2.6.3 The main effects of breed, diet and ageing time on meat quality attributes

Table 24 shows LSMeans of drip loss, thawing loss, cooking loss and shear force in

shown in Appendix 31. All the measured meat quality attributes were not a fleeted by

breed. Similarly the influence of diet on drip loss and thawing loss was not significant

(P>0.05) The difference in shear force of the LD muscle between

on Graz+COO and those on diet Hay+ClOO was 14.8 N.

The percentage thawing loss from LD muscle due to dietary treatments declined from

5.1 for animals on Graz+COO to 4.9 for those on Hay+C 100 while cooking losses in LD

muscle was lowest in Hay+ClOO (16.8%) and highest on Graz+COO (24.0%) as shown in

Table 24. Post-mortem ageing up to 20 days after slaughter reduced (P<0.05) thawing

loss but did not affect (P>0.05) cooking loss (Table 24). Increasing storage time from 2

to 10 days pm reduced thawing loss by 37 %. There was no significant change in

thawing loss observed from 10 to 20 days pm. Storage of bovine LD muscle up to 20

days pm at refrigerated temperatures (0 - 4°C) decreased shear force (Table 25). In

general, shear force decreased by 25 % from 2 -10 days ageing and by 21 % from 10 一

20 days ageing. The overall treatment effect of breed, diet and post-mortem storage time

mortem storage resulted in decreased shear force of LD muscle in all animals. LSMeans

of the individual effect of breed and ageing time (days) and the effects of diet and ageing

time (days) on percentage thawing loss, cooking loss and shear force on muscle LD is

presented on Appendix 32-33.

on shear force values of LD from Boran and TSHZ is illustrated in Figure 22. There was

carcasses of animals

an interaction effect between ageing and dietary treatment (P>0.05) in shear force. Post-

bovine LD muscle as affected by breed and diet. LSMeans for individual treatments are
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Parameter

3636 36 36
19.5 51.3Boran 3.7 5.6

52.1TSHZ 21.43.1 5.2
0.90.5SEM 0.3

0.4164 0.68730.5344P-value 0.1359

2424
6.13.8Graz+COO
5.73.2Graz+C50
4.93.1
0.60.3

<.0001 <.00010.32910.3397P-value D
0.2043 0.14480.28120.9304P-value B*D

abcLSMcans with difterent superscripts in the same column are significantly different (P<0.05).

The shear force values of LD muscle from Boran and TSHZ steers on either Graz+COO

LD from Hay+C 100 obtained on 2 days of storage (Fig. 22).

Breed (B)
No of obs.

Hay+ClOO
SEM

24
59.5a
50.9b
447

Probability values (P-value); Standard error of mean (SEM); Graz+COO =grazing alone as control： 
Graz+C50= grazing + 50 % ad libitum concentrate intake and Hay+C 100 = ad libitum hay 
and ad libitum concentrate intake.

24
24.0a
20.8b
16.8C

Table 24: LSMeans of the main effects or breed and diet on percentage drip loss, 

thawing loss, cooking loss and shear force on LD muscle in Expt. 2 

Meat quality attributes
Drip loss Thawing loss (%) Cooking loss (%) Shear force (N) 

(%)

or Graz+C50 at 10 days post-mortem storage were similar to the shear force values of

Dietary treatment (D)
No of obs.
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P-ValucSEM2

Table 25: LSMcans for the main effects of ageing time (days) on percentage 

thawing, cooking losses and shear force of muscle LD in Expt. 2 

Parameter Ageing time (days)
10 20

Thawing loss (%) 7。 4.4, 4.7“ 0.5 0.0005
Cooking loss (%) 19.5 21.4 20.5 1.0 0.4216
Shear force (N) 66.1， 49.6’ 39.4。 45 v.0001
i,l,cLSMeans with different superscripts in the same row are significantly different (P<0.05). P-

value = Probability values; and Standard error of mean (SEM)
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4.2.7 Net returns of fattening cattle in Expt. 2

Net returns (NRs) of fattening cattle under the three ireaiments used in Expt. 2 are

present in Table 26. The table also give NRs from purchasing cattle (i.e. none

intervention), slaughtering and selling the carcass directly instead of keeping the animals

for 90 days on pasture as the case in Graz+COO. This table is derived from costs of inputs

used (Appendix 34), costs fbr individual treatment (Appendix 35), estimated unit cost of

producing one kg of carcass (Appendix 36), LSMeans of the effects of breed and diet on

production costs and Net returns (Appendix 37) and NRs for individual treatment

(Appendix 38) using prevailing prices in the market during experimental period and

hypothetical better prices case 2 and 3 which were some of the current selling prices of

imported beef sold in the supermarkets. As expected the Net returns (NRs) were positive

in none intervention scenario values been above 4 times in Boran compared to TSHZ. In

addition, the NRs were positive fbr animals in Graz+COO, values also being above 4

times in Boran compared to TSHZ. The highest profit was obtained when animals were

bought from auction, and sold directly in the butchers, net returns being Tshs 63,000 fbr

Boran and Tshs 13,600 fbr TSHZ. Net returns were negative in all other treatments with

values decreasing with increase supplementation. Boran had lower negative net returns

than TSHZ in all treatments.
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Table 26: Cost and Net returns (Tshs. *000) per head of fattening cattle in Expt. 2

None I* Graz+C50 Hay+ClOO

♦None I = control (direct purchase and sell immediately)

Dietary treatments
Craz+COO

270 
0.0 
0.0 
0.0 
0.0 
0.0 
6.9 
277 
0.0 
277 
291 
13.6 
13.6

318 
0 
0 
31 
6.25 
8 
14 
377 
0 

377 
389 
12 
12

318 
0 
0 
0 
0 
0 
7

325 
0

325 
389 
63 
63

318 
100
0 
31 
6.25
10 
14 
479 
6 

485 
438 
-41
-48 

202.4 
390

318 
217 
28
0 

6.25 
41 
14 
624
6 

631 
560 
-64 
-71

249.4 
489.4

270
195 
24.6
0.0
6.3 
40.9 
13.9 
550
6.5 
557 
487 
-63.8 
-70.3
207.7 
416.2

270 
0.0 
0.0
30.8 
6.3 
7.6
13.9 
329 
0.0 
329 
291
-38.1 
-38.1

270 
96.6 
28.2 
30.8 
6.3 
9.9 
13.9 
456
6.5 
462 
361 
-95.2 
-102 
132.5 
287

Boran
Cost of animals 
Concentrate mix 
Hay
Pasture/Grazed
Veterinary drugs and services
Labour (man-days)
Transportation
Total variable costs
Fixed costs
Total cost
Total Revenue
Gross margin
Net returns I
Net returns 2
Net returns 3
Tanzania Shorthorn zebu
Cost of animals
Concentrate mix
Hay
Pasture/Grazed
Veterinary drugs and services
Labour (man-days)
Transportation
Total variable costs 
Fixed costs 
Total cost
Total Revenue
Gross margin
Net returns 1
Net returns 2
Net returns 3
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Nutritive Values of the Feedstuffs Used in the Study

The quantity and nutritive values of pastures grazed

The observed higher yields of forage species during the wet season (Tables i 1) relative

to dry season (Tables 19) have implication the nutrient availability and henceon

performance of the grazing animals during the two seasons. The observed low forage

mass which decreased further as the dry season progressed was in agreement with studies

by Bwire et al. (2003) and De Leeuw el al. (1999) who reported that forage quality and

quantity are affected by season and is a major constraint to increased cattle productivity

under most tropical livestock farming conditions. The dominance of Aristida

adscensionis in the paddocks grazed represents a typical situation in most semi-arid areas

where there is a continuous pressure of grazing. In such areas annual species dominate

and replace the nutritious and palatable perennial forage species, such as Cenchrus

ciliaris (Butterworth, 1985; Mero and Uden, 1998). The observed values of frequency

occurrence of herbaceous legumes in the present study (Appendix 5 and 24) agree with

findings reported by Herlocker (1999) and that Macrotyloma uniflorum could be an

annual or perennial herb in grazing lands in many of tropical Africa. Theareas

dominance of annual species in the grazing area ensures availability of quality forage to

grazing animals especially during the wet season.

Considering the fact that Experiment (Expt.) 1 coincided with the beginning of wet

(precipitation) and Expt. 2 was conducted at the start of the dry season, theseason

quality of the grazed forages was expected to be different (Butterworth, 1985). The
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fbrage DM contents in Expt. 1 decreased (from 560 to 359 g/kg fresh forage) whereas

those in Expt. 2 increased (from 662 to 867 g/kg fresh forage) with progressing

experimental periods. The observed crude protein (CP) values of the forages in the two

experiments could be compared diagrammatically as shown in Fig 23.

Figure 23: Mean values of crude protein content (g/kg) of fbrage samples from

grazed paddocks in Expts. 1 and 2

The CP values increased from the start of the experiment until the time when steers were

taken for slaughter (March, 2008). The observed increase in crude protein content of

grazed pastures with progression of wet season (December to March) was in agreement

with other studies (Mwilawa, 1996; Bwire et al., 2003; Mtengeti et al.9 2006) that

tropical forages are high in nutritive value during wet season. On the other hand CP

values of forages grazed in Expt 2 decreased from the start until the animals reached

slaughter time (December, 2008). The trend in changes in nutritive value with season is

in agreement with earlier studies (Mtengeti et 2006) which reported on the tendency
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Ibr CP to decrease and cell wall content to increase with advancement of dry season and

this is associated with the observed low in vitro organic matter digestibility (IVDOM)

due to increased lignifications ofNDF fraction.

I he obtained mean CP value (87 g/kg DM) of grazed forages in Expt. I was above the

recommended minimum value (70 g CP/kg DM) for maintenance requirement for

grazing animals (Ekaya, 1991), whereas value (43 g CP/kg DM) for Expt. 2 were lower

than the recommended minimum value (Butterworth, 1985; De Leeuw el al.t 1999). In

such situation grazing animals in Expt. 1 where animals had opportunity to select it is

likely that high nutritious pasture were available to animals while in Expt. 2 forages were

of low quantity and of less nutritive value. Therefore, under such situation animals need

to be supplemented. The higher values of in vitro digestible organic matter (IVDOM)

and hence ME contents observed in the grazed forages during the wet than dry seasons

implicates that grazed animals in Expt. 1 is expected to have higher performance than

those in Expt. 2.

The nutritive value of concentrate mixture used

There was a similarity in the nutritive values of concentrate feeds used by steers under

feed lot during Expts. 1 and 2. The CP content (135 g/kg DM) of the formulated diet was

within the acceptable range of 120 to 140 g/kg recommended by Topps and Oliver

(1993) for fattening cattle. The ME content (13.2 MJ/ kg DM) was similarly within the

recommended range (12.5 to 13.6 MJ ME/kg DM) under East and Central Africa

conditions (Topps and Oliver, 1993). The values of protein and energy are also within

the values used by Creek (1972) working with fattening Boran in Kenya, Jepsen and
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Creek (1996) working with Boran cattle in Ethiopia and Norris et al. (2002) working

with Tswana cattle in Botswana.

5.2 Feed Intake and Growth Performance

The recorded dry matter intakes (DMI) of the stall fed animals under feed lot ranged from

3.1 to 3.3 per cent of body weight in Expt. 1 and 3.1 for Expt. 2 and these values were

within the range of 2.7 to 3.5 percent observed by Topps and Oliver (1993) for fattened

beef cattle fed concentrate at ad libitum intake. The observed higher hay DM intake as %

of LW by steers on Hay+C60 relative to those on Hay+C80 and Hay+C 100 could be due

to restricted concentrate offer that forced them to take more hay, which was of lower

energy concentration. This observed inverse relationship between intake and diet energy

concentration suggested that as the level of dietary energy concentration increases, there

is a tendency of the animal to adjust intake so that they can meet their physiological

energy requirement.Similar observation have been reported by other workers elsewhere

(Knoblich et al.9 1997; Meissner et aL, 1995; Hennessy et al.9 2001; Huhtanen et al.,

2006).

The higher average daily gain (ADG) for Boran than TSHZ in Expt. 1 could be partially

attributed to breed differences in their growth impetus. The higher initial body weights of

Boran compared to TSHZ in both experiments was expected to have influence on the

growth performance and carcass measurements of those animals. It is documented that

Boran has higher mature body weight than TSHZ and this could partly account for

superiority of the Boran (Mwatawala and Kifaro, 2001; Msanga and Bee, 2006). It is also

possible that the two breeds could respond differently for the fattening diets and
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therefore it would have been of interest if the comparison were carried out using the two

breeds at the same physiological state of development. The derived physiological ages of

Boran and TSHZ al the onset of the experiment ranged from 28 to 38% and 36 to 65%.

respectively of their estimated mature body weights. This implies that the two breeds

were at different stages of growth and hence the differences in their growth performance

(Berg and Butterfield, 1976; Lawrence and Fowler, 1997).

The observed average daily gain (ADG, 854 g/day) of Boran breed under fecdlot

condition (Hay+C 100) in Expt. 1 compare well with findings by Jepsen and Creek

(1976) who observed a gain of 883 g/day. However lower mean value (769 g/day) was

obtained in Expt. 2. The ADG for TSHZ under similar feed lot condition recorded

comparable mean values (812 and 702 g/day) in Expts. 1 and 2 respectively. The lower

gain of animals in Expt. 2 relative to Experiment 1 could possibly be due to the

differences in age, whereby animals in Expt. 2 were older than those in Expt. 1, thus they

were at different stage of growlh.

The responses in ADG due to dietary treatments in the current study were similar in both

breeds, being highest on Hay+ClOO for both Expts. 1 and 2, and lowest on Hay+C60 for

Expt. 1 and Graz+COO for Expt. 2. The trend was similar in each respective diet in

Boran and TSHZ indicating that both breeds could be used for fattening. Similar findings

reported by Strydom et al. (2008) who observed that steers from the herds ofwere

emerging and communal farmers showed similar growth performance. The higher ADG

in ad libitum concentrate intakes was expected. This could have been attributed by

sufficient energy and nutrients concentration in the concentrate diet to support body
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weight gain (Weisbjerg el al.t 2007; Andersen el a/.. 2005; Norris et aL, 2002). Similar

observations were reported by Roberts et al. (2009) that increasing the amount of grain in

the diet of finishing cattle resulted in a linear decrease (P<0.05) in days in feed intake

and a linear increase (P < 0.05) in ADG. The findings from the present study were also

within the range reported by Slabbert et al. (1992) of 600 一 1480 g/day in South Africa

slightly lower to those reported by Luziga (2005) of 1130 g/day with Boran X Ayshire

steers using molasses based diets.

The observed relatively better growth performance of animals on Graz+COO and

Graz+C50 than those on Hay+C60 during Expt. 1 could be attributed by the high

quantity and quality of forages available in the grazing paddocks relative to the poor

quality hay, which formed 35 % of DMI for Hay+C60. The relative high ME and CP

values observed in the forages were relatively satisfactory to provide adequate nutrients

for maintenance and production (Norris et al.t (2002). The obtained better performance

of steers under Graz+C50 and Graz+COO relative to supplemented diets suggest that beef

fattening could be possible using limited amount of concentrate when quality pasture are

available. On the other hand the grazing animals in Expt. 2 performed poorly because of

inadequate quantity and quality pasture. This was expected and could be attributed to the

lower quantity and quality of pastures during the dry season making the animals not able

to obtain sufficient nutrients required for maintenance and production. The results on

animal performance suggest that stall feeding of high energy concentrate and hay is

necessary for finishing animals during the dry season.

and those of Norris el al. (2002) in Botswana (840 一 1220 g/day). However, they were
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The observed overall higher (P<0.05) feed conversion ratio fbr Boran than TSHZ in

Expt. 1 implies that the TSHZ breed is more efficient in utilizing feeds than the Boran

breed. This effect could be due to the relatively lower initial body weight of TSHZ

relative to Boran as explained earlier on. Consequently, protein meal supplementation

low quality pastures through reduced

energy expenditure and without compromising their digestible organic matter intake.

Plant attributes such as low protein content result in reduced intake and gut fill, where

nitrogen deficiency would be a factor affecting intake (Meissner et al., 1995). It is also

suggested that the level of reticulo-rumen fill was influenced by other presumably

protein nutrition of the animal. Animal performance is mainly depended on the intake of

digestible and metabolizable nutrients which might have been limiting in grazing animals

in Expt. 2, which

animals during wet season could have been due to the influence of digest!b山ty on

nutrient supply indirectly due to the existing association between digestibility and intake

of ruminal fed forage-based diets. The animals with high propensity to fattening, require

much higher energy per unit fat than protein retention in young animals. The increase in

feed conversion efficiency (P<0.05) with increasing concentrate intake suggest that as

energy concentration of feeds increases, animals utilise the feeds more efficiently and

this has been similarly reflected by the energy efficiency. Concentrate feeding favours

propionic acid production in the rumen which is utilized more efficiently fbr growth and

fattening. Similar trends have been reported elsewhere (Andersen et al： 2005a; Abdullah

and Musallam, 2007).

should improve grazing efficiency of steers on

was demonstrated by Huhtanen et al. (2006). The performance of
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From the observed similar responses of the two breeds in terms of ADG and better FCR

in TSHZ with increased concentrate intake suggest that both breeds can be used fbr

feedlot production in Tanzania. The observed better ADG and FCR of grazing and

supplemented animals (Graz+C50) than those fed concentrate at 60% plus hay

(Hay+C60) in Expt. 1 suggest that in wet season animals could be finished on pasture

plus 50 percent of ad libitum concentrate intake. However, during the dry season, when

availability of pastures in terms of quality and quantity is limited, animals are better

finished on ad libitum concentrate intake under feedlot practice as reflected by the better

performance of animals on Hay+ClOO in Expt. 2.

5.3 Killing Out and Carcass Characteristics

The observed higher Final liveweight (FLW) from Boran than TSHZ in both

The observed trends of the FLW and HCW with respect to dietaiy treatments reflect the

recorded high ADG. The low dressing percentages in TSHZ were due to higher

proportion of gut content. Several studies have reported larger gut fill in Fresian and their

crossbreds especially when they are raised on poor quality roughages. The argument for

this has been an adaptation to compensate for the low quality feeds i.e. to have more gut

fill to extract more nutrients. On the other hand it could be due to their slow rate of

Nguni breed in Southern African countries (Stxydom et al： 2008).

experiments was expected due to the differences in their initial bodyweights. The higher 

starting weight of the Boran steers was reflected in higher empty body weight, hot

carcass weight (HCW), dressing percentages and non carcass components than TSHZ.

rumen evacuation rate of passage of rumen contents. Similar results were reported for
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rhere is also enough evidence of close positive association between live weight and DP

(Casasus el al.t 2002; Skunnum et al.t 2002) and this could be reflected in the obsened

higher body weight hence higher DP of Boran relative to TSHZ in Expt 1. The observed

low values of DP for grazing TSHZ and Boran was in agreement with available data in

the literature of 47 to 50 % fbr TSHZ and 49 to 52 % fbr Boran (Mpiri, 1994;

Mwatawala et aL, 2001; MAFS, 2003) and these could be explained by the observed

higher gut fill fbr the grazed than concentrate fed animals in both experiments. The

higher gut fill could be due to limited nutrient concentration in the feedstuff and as such

animals tended to compensate by taking more of the forage so as to extract enough

nutrients. A study by Jones et al. (1984) found that cattle on a high roughage diet, such

hay, siiagc or pasture, have a lower dressing percentage than cattle highon aas

proportion of grain diet. The reason fbr this could be due to more reduction in weight of

the the dressed carcass relative to final slaughter weight i.e. there is more rumen fill in

grazed animals than concentrate fed animals.

The observed higher dressing percentage in steers on Hay+ClOO in both Expts. 1 and 2,

(2010) that dressing percentage and hence carcass weight increased with increase in

dietary energy concentration. The reason fbr this increased DP with increase of amount

of concentrate on offer could be attributed to several factors. Animals consume less DM

that is more digestible resulting into lower gut fill as is similarly observed by Robelin

and Geay (1984). Gut fill value must however be taken with caution since it can also be

influenced by the quantity* of water drunk, the time since cattle last ate or drank, and the

rate of passage of the gut contents as reported by MRNL, (1985) in cattle and Suliman

are in agreement with the observations made by Meissner et al. (1995) and Hanekom,
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and Babiker (2007) and Mushi et al. (2009) in sheep. In the present study variations

brought by these factors and their influence on DP were minimized by starving and

withholding water for the animals for about 15 hrs before slaughter. In support of the

present findings, other studies have compared steers on grains (fast gaining) or on

roughage (slow gaining) and found that dressing percentages averaged 2 per cent higher

for the steers on fiist than slow gaining rations (Falmey, 1986).

The values for carcass measureinents observed in the present study were lower than the

reported values for TSHZ and their crosses (Mpiri, 1994) and Iringa red zebu (Nalaila,

2005). Animals used in both studies were slaughtered with age more than 4 years,

whereas in the present study the animals slaughtered were less than 3 and 4 years for

Boran and TSHZ respectively. This could account for the observed differences between

the present findings and those of earlier studies. The body measurements increased with

increasing concentrate intake reflecting the superiority in growth rate and hence hot

carcass weight. These results are in agreement with the findings by McGee et al. (2007)

who observed significantly greater body measurements for animals on intensive system

than those on extensive system, and attributed it to differences in live weight and hence

carcass weight brought by the feeding systems.

High levels of concentrate intake gave the highest scores in carcass conformation and

fatness level, relative to grazed animals and this was attributed to the variation in energy

intake. The significance of carcass conformation scores in meat industry lies on the price

attached to the carcass. Carcass with high scores have better market price. Also the

slopes of carcass conformation are related to intramuscular fat (marbling) which is

preferred improving tenderness as reported by Sanudo et al. (2009). Furthermore, as
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in proportions of lean and fat in dietary treatments. Fat being a late maturing tissue have

growth coefficient greater than one as documented by Hammond et al. (1971) and Berg

and Butterfield (1976) and it is easily malleable by nutrition and other factors. The

results showed increase in amount of fat with increase in concentrate intake. Bone is an

early maturing tissue and the possibility of affecting its growth through nutrition

manipulation is minimal (Berg and Butterfield, 1976; Kerth et aLt 2007; Atti et al.,

2004). The lower ratio of lean:fat fbr Boran than TSHZ and animals in high concentrate

than low concentrate intake was attributed to the higher proportion of fat in those

carcasses. Warris (2004) reported similar findings in sheep and cattle that with increased

proportions of fat lead to a decreased proportion of lean in the during thecarcass

finishing period.

It is concluded from this section that Boran and TSHZ breeds can be used fbr feedlot

production but Boran is likely a suitable candidate as measured by ADG, DP and meat

quantities, It is also concluded that it is possible to use limited amount of concentrate in

beef fattening when quality pastures are available. Where pasture is of very low quality

as was the case in the dry season, it is suggested that a complete feedlot practice be used

using high energy concentrate and hay in finishing animals.

5.4 Meat Quality Characteristics

5.4.1 Temperature decline post-mortem

In the two studies the rate of temperature fall was slower in carcasses in Expt. 2 probably

because the animals used in Expt. 2 were rather older and heavier and had thicker fat

layer carcass compared to animals in Expt. 1 The higher temperature decline (Tdropl) in

Boran than TSHZ in Expt. 1 was unexpected because carcasses from Boran were

heavier and had more fat thickness than those of TSHZ, thus they were expected to lose
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which are heavier with thick surface fat layer took longer lo cool. Similar decline in

temperature (Tdrop I) of carcasses from Boran and those from TSHZ in Expt. 2 match

well with the similarity in their fatness. The decrease (P<0.05) in heat loss (Tdrop 1) from

lhe carcasses with increased concentrate intake could mainly be due to relatively high

normally act as an insulator to the inner tissues, thus preventing heat transfer to the cool

environment.

5.4.2 pH changes post-mortem

The observed high pH values at 45 minutes after slaughter and the decline to pH range

(5.58 - 5.59) at 24 h pm could be due to slow cooling as shown by values of Tdrop 1

Since the pH reading reached 6 while the temperature

that there was no cold shortening (MLA, 2002; Purslow, 2002). The ultimate pH reached

Rcignier and Brun-Bellet (1996).

The lack of differences in pH values behveen Boran and TSHZ in the present study is in

agreement with the observations made by Frylinck et al. (2006) on the indigenous Sanga

zebu cattle genotypes and Monsoon, et al. (2004) on European cattle (Holstein, Old

Brown Swiss, Limousin and Blonde d'Aquitaine). This could imply that the biochemical

reactions taking place in the muscles are not different between breeds. The observed

higher (P<0.05) pH values with grazing animals at 6 h pm in Expt. 1 could be associated

heal at a slower rate. Sinclair el al. (2001) and Bowling et al. (1978) found that carcasses

was within the acceptable range (5.4 to 5.8) reported by Pratiwi et al. (2007) and Bruas-

implying that the handling of animal's prior to slaughter was not stressful (MLA, 2002). 

was still high (>26° C) indicates

subcutaneous fat and weight of the carcasses from those animals. Subcutaneous fat
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with differences in oxidative spacity and glycolytic processes. The grazing animals

probably had less glycogen in their muscles leading to lower lactic acid formation than

those fed on concentrate. However, this trend was not clearly shown in Expt. 2.

5.4.3 Drip loss

The average values of drip loss obtained in both Expts. 1 (4.0 %) and 2 (3,4 %) were

within the normal range (1-5 %) in beef as reported by Purslow (2002) and Jama et aL

(2007). The observed none significant difference (P>0.05) in drip loss between breeds

means that the oxidative processes were the same. In both cases cell membrane integrity

retained in muscle cells and therebystabilized post-mortem, sarcoplasm waswere

resulted in less and more weight retention during storage. The observed results were

similar to findings by Jama et aL (2007) using Nguni, Bonsmara and Angus cattle at the

Frylinck et al. (2006) among Sanga cattle and Brugiapaglia et al. (2008) between

Friesians and their crosses where pure Friesians had higher drip losses in comparison

with Friesian crossbreds (3.62 vs. 3.08 %; P<0.05).

The relatively high drip loss values for grazing animals could be due to the lower fat and

higher lean contents observed in the carcasses of the grazing animals than those fed

concentrate. High fat content in the carcass means less water content and higher water

holding capacity attributed to the fat layer that prevents passage of water from the tissues

(Dawson et aL, 2002). The result obtained in this study of 3.5 and 3.1 % for Hay + C100

in Expt. 1 and 2 respectively is recommendable and could be attributed by increased

same ageing (2 and 21) days. However, breed differences in drip loss were reported by
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ADG and amount of fat. Elsewhere, low drip loss has shown to be reduced by 3% in

cattle fed diets containing high amount of maize grain (Brugiapaglia et al.. 2008).

5.4.4 Thawing loss

The values obtained on thawing loss were within the range for beef (4-6%) as reported

by Jeremiah and Gibson (2003). The lack of breed difference in thawing loss from the

LD muscle in the present study concurs with the findings reported by Jama et al. (2007)

when comparing Nguni (3.26 %), Bonsmara (3.35 %) and Angus (3.60 %). The higher

values of thawing loss from the LD muscle for grazing animals than those fed

concentrate in both experiments could possibly be related to water holding capacity

attributed to fat content in the carcass (Andersen et al.t 2005b; Sanudo et aL. 1998),

where concentrate fed animals had higher fat content than grazing animals. The fat

content in the carcass insulates the muscle proteins to denature easily as the pH

falls.When muscle proteins denature it leads to reduction in their power to bind water.

Also the myofibrillar proteins, myosin and actin, reach their isoelectric point where loses

water which is normally bound in the muscle.

5.4.5 Cooking loss

On average cooking loss decreased with increase in concentrate intake. As the meat is

cooked, proteins are denatured and water with mineral and vitamins is lost. Carcasses

had more intramascular fat that reducedfrom supplemented concentrate diets

denaturation process of proteins and hence less losses. The mean cooking loss (20.5%) of

LD muscle observed in Expt. 2 was lower than the value (22.5%) reported by Jeremiah

and Gibson (2003) and values (24% and 25.8%) reported by Jama et al. (2007).
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I lowcver, mean value (24.9 %) obtained in Expt. 1 was higher than Expt. 2 and those of

Jeremiah and Gibson (2003), but comparable to those reported by Jama et al. (2007).

Razin inowicz el al. (2006), however, obtained considerable high value (30 %) in pasture-

led (or grazing) steers.

The differences in cooking losses in the current study and those reported by other authors

may be attributed to several factors, such as the differences in meat ageing time, cooking

methods, pH and level of marbling in the carcass (Yu et al.t 2005). Ageing of meat

decreased losses in Expt 1. This was due to the weakening of myofibrils with but

increased ageing days. Similarly it is likely that the attachment of the thin (actin)

filaments to the Z discs which breaks and losses more water soluble nitrogen

compounds. During pH fall more proteins tend to denature which leads to loss of

watcrholding capacity and protein solubility. Marbling could have also influenced losses

since on cooking fat usually melts and hence could be lost.

The observed cooking losses are associated with endogenous enzymatic reactions such as

collagenase, which is produced by bacteria within beef or ionic solubilisation, which

releases water with nutrients on cooking. Cooking loss has a large financial implication

in beef industry because it results in the loss of several essential minerals and vitamins

resulting in the deterioration of nutritive quality of beef The obtained results (low

values) on cooking loss have positive financial implication to beef industry in Tanzania.

The higher (P<0,05) mean value of cooking loss from LD muscle from TSHZ than Boran

in Expt. 1 could possibly be due to fat content in their carcasses which melts in the

process of cooking. Similar observation was made by Jama et al. (2007) who found
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breed differences (P<0.05) in cooking loss when comparing Nguni. Bonsmara and Angus

beef cattle. I lowever, in Expt. 2 breed difference (P>0.05) in cooking loss of LD muscle

significant, a finding which in agreement to observation made bywas not was

Milsumoto et al. (1995) and Brugiapaglia et al. (2008). This discrepancy could be

attributed to differences in slaughter age of those animals. The decreased cooking loss

with increased level of concentrate intake in both experiments is attributed to the

difference (P>0.05) in cooking loss between ageing periods, the tendency was for the

losses to decrease with increased ageing time, similar to what was reported by Jama et aL

(2007).

5.4.5 Effect of breed, diet and ageing on meat tenderness

The readings of Warner-Bratzler shear force (WBSF) recorded from 2 to 20 days ageing

times ranged from 62.9 to 37.3 N in Expt. 1 and 66.1 to 39.4 N in Expt. 2, that means s

at 2 days ageing the values were higher than those reported by Shackelford et aL (1997).

The authors (Shackelford et al.. 1997) classified meat as tender when the WBSF values

present study (Boran and TSHZ) can be considered as been tough when sold warm as is

been practiced in abattoirs in Tanzania. Due to the fact that at 10 days of ageing meat

from the two breeds had attained a shear force of 48.7 and 49.6 N in Expt. 1 and 2

respectively, it means the meat was already tender even before the 10 days ageing.

Probably the meat became tender to acceptable level somewhere between 2 to 10 days

and therefore need further investigation.

were less than 58 N at 2 days of ageing. This suggests that the meat from animals in the

increased level of marbling in the carcasses (Yu et al., 2005). Although there was no
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I he lower shear force values on LD muscle of Boran than TSHZ could have been due to

differences in the distribution of various tissues in the muscle of the two breeds.

Although not assessed in the present study, high amount and concentration of connective

tissue in muscles normally increases shear force values as discussed by other workers

(Andersen et ciL, 2005; Santos-Silva et al., 2002; Dawson el al.. 2002: Mushi et al..

2007). It must also be mentioned that TSHZ was physiologically older and hence this

could also have accounted for the higher shear force values. Breed differences in shear

force have been documented in detail by Koch et al. (1982) and Me Keith et al. (1985)

who reported higher shear force values for Bos indicus than Bos Taurus, implying that

Bos indicus produce tougher meat Koch et al. (1982) further noted that meat from cattle

possessing Bos indicus blood has higher shear force than that from cattle possessing Bos

positive relationship between breed and shear force.

The decreased shear force values with increased concentrate intake in both experiments

in the present study signify that meat tenderness improves with concentrate feeding. The

for low shear force values with concentrate feeding where ad libitum

concentrate intake had the lowest value (41.8 N) is that high energy diets usually give

rise to higher in vivo protein turn over (Andersen et aL, 2005a) and lower concentration

of connective tissues per unit muscle weight bundle which are associated with meat

tenderness (Maltin et al.. 2003; Lefoucheur et al. 2002; Sinclair et al.9 2001). In addition.

animals on concentrate supplementation deposited more fat in muscle bundles, thus

lowering the concentration of connective tissues and hence shear force values in cattle

(Christensen et al., 2007, Lawrie and Ledward, 2006; Maltin et al.9 2003) and in lambs

laurus blood. Other workers (Shackefbrld et al., 1997; Crouse et al.. 1989) showed a

possible reason
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forage give rise to muscles with higher shear force values when compared to high energy

diets fed ad libitum (Andersen et aL, 2005a).

The significant decrease in shear force in LD muscle observed from 2 to 20 days

indicates that proteolysis was still taking place after prolonged storage post-mortem in

both Boran and TSHZ as suggested by Sentandreu et al. (2002) and Jayasooriya et al.

(2007). Proteolysis of myofibrillar proteins presumably played a major role in

postmortem meat tenderization. It is likely that Ca2+dependent proteases (CDP) and

certain cathepsins might have degraded myofibrillar proteins. Either CDP, cathepsins or

their synergistic action could be the primarily responsible fbr post-mortem changes

leading to meat tenderization as argued by other workers (Asghar and Bhatti, 1987;

Koohmaraie, 1996). Also there were differences in the rate of post-mortem meat

tenderization among breeds. The structural changes occurring in skeletal muscle during

at refrigerated temperature that lead to meatpost-mortem storage of carcasses

tenderization could be due to the proteolytic action of endogenous proteases cathepsins

classes of proteases presumably could be responsible for post-mortem changes in skeletal

muscle. In the present study shear force decreased by 23% from 10 to 20 days which was

similar to the rate reported by Purchas et al. (1999) in muscles from steers and bulls of

similar age (20 -22 months).

Ageing tended to decrease shear force values of LD muscle in both breeds, although the

rate was higher in TSHZ than Boran. A similar observation was reported by Strydom et

al. (2008) who found that shear force of loin muscle from improved Bonsmara zebu and

are capable of hydrolysing myofibrillar proteins. The action of one or more of these

(Kristensen et al., 2002; Mushi et al.f 2007). Diets with low energy such as grass or
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(Kristensen et al., 2002; Mushi et aL, 2007). Diets with low energy such as grass or

forage give rise to muscles with higher shear force values when compared to high energy

diets fed ad libitum (Andersen et al., 2005a).

The significant decrease in shear force in LD muscle observed from 2 to 20 days

indicates that proteolysis was still taking place after prolonged storage post-mortem in

both Boran and TSHZ as suggested by Sentandreu el al. (2002) and Jayasooriya et al.

(2007). Proteolysis of myofibrillar proteins presumably played a major role in

poslmortcm meat tenderization. It is likely that Ca2+dependent proteases (CDP) and

certain cathepsins might have degraded myofibrillar proteins. Either CDP, cathepsins or

their synergistic action could be the primarily responsible fbr post-mortem changes

leading to meat tenderization as argued by other workers (Asghar and Bhatti, 1987;

Koohmaraie, 1996). Also there were differences in the rate of post-mortem meat

tenderization among breeds. The structural changes occurring in skeletal muscle during

at refrigerated temperature that lead to meatpost-mortem storage of carcasses

tenderization could be due to the proteolytic action of endogenous proteases cathepsins

capable of hydrolysing myofibrillar proteins. The action of one or more of theseare

classes of proteases presumably could be responsible for post-mortem changes in skeletal

muscle. In the present study shear force decreased by 23% from 10 to 20 days which was

similar to the rate reported by Purchas et al. (1999) in muscles from steers and bulls of

similar age (20 -22 months).

Ageing tended to decrease shear force values of LD muscle in both breeds, although the

rate was higher in TSHZ than Boran. A similar observation was reported by Strydom et

al. (2008) who found that shear force of loin muscle from improved Bonsmara zebu and
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thc?ir crossbreds tended to decrease faster from slaughter to 2 days post-mortem than

those of Brahman. The observed significant interaction between diet and ageing time

with the findings by Strydom et al. (2008) who reported that both breed andconcurs

feeding strategy had significant influence on the effect of ageing on shear force value.

「his trend could be due to many factors which act singly or in combination, such as post

mortem proteolysis, absence of cold shortening, amount of intramuscular/ subcutaneous

fat and rate of pH and temperature drop during rigor development (Taylor, 2003,

Hopkins et al.. 2002; Koohmaraie et al.. 2002; Sentandreu et al., 2002. Dransfield, 1994;

Koohmaraie, 1994). Natural enzymes act to break specific muscle protein strands into

smaller pieces to result in improved LD muscle tenderness. Most tenderization occurred

early in the post-mortem ageing process, and by 10 days post-mortem, most

tenderization had occurred. Although post-mortem ageing has a profound optimizing

effect on LD tenderness, other ante- and post-mortem factors could impact tenderness,

probably prevented since theIn both Experiments 1 and 2, cold shortening was

temperature did not fall below I0°C until when the muscle pH reached 6.1 prior to taking

al. (2007), Bruas-Reignier and Brun-Bellut (1996), Ouali (1990) noted that post-mortem

changes with ageing in muscle tissue vary strongly between individuals in different diets

and these changes can occur up to 42 days depending on storage conditions. However,

the ultimate shear force at 20 days chosen in the present study was due to the fact that

beyond 21 days the fall in shear force is small (Goll et al.9 2003) and may not justify the

extra cost of storage.

was enhanced (Koohmarie, 1994; Koohmaraie et al.9 2002). In addition, Jayasooriya et

the carcasses into cold room. In this way the effect of ageing on shear force of muscle
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It will therefore be beneficial in improving tenderness by ageing the carcass between 2 to

10 days as was observed in this study however the exact duration would be determined

by the cost of utilities, such as electricity and space. The willingness of customers in

paying for much tender meat would also determine the length of ageing.

From the results of the two experiments, both Boran and TSHZ gave acceptable range of

values of meat quality particularly on drip loss, thawing loss and cooking loss. Both

breeds when supplemented could give tender meat that required minimum days in

storage rooms. It is possible, therefore to manipulate shear force values and hence

tenderness of meat from Boran and TSHZ through concentrate feeding and storage at

days,

5.5 Profitability of Fattening

In both experiments (Expts.) 1 and 2 when the prevailing price of meat was used,

positive returns were obtained from animals in non intervention and in Graz+COO

whereas all other dietary treatment gave negative returns. The higher net returns from

non-intervention animals could be due to minimum input used which mainlywas

transport. This is in agreement with earlier reviewers who reported that feed costs are

cheaper in grazing cattle (Madsen et aL, 2004; Weisbjerg et al., 2007). However, the

value of beef from grass-finished cattle is often discounted compared with concentrate-

fed beef because of perceived differences in tenderness; colour, juiciness and flavour

tender and better flavoured meat than fbrage-fed animals and thus should fetch higher

price per kg (Santos-Silva et aL, 2002; O'Sullivan et al.9 2004).

room temperature fbr 10 h post-mortem followed by chilling at 0 - 4°C from 10 to 20

(French et al.9 2001; Kristensen et al., 2002). Concentrate-fed animals produce more
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1 he major costs associated with feed-lotting in this study were mainly cattle and feeds

value which is slightly lower than 92% of the total costs reported by Malope et al. (2007)

in Botswana. Feed costs alone contributed about 39 % of the total variable costs a value

which is slightly similar to 37% of the total variable costs reported by Malope et al

(2007). However, when the costs of cattle are excluded in the present study, feed costs

alone account for 78% of the remaining variable costs, a value which is within the range

reported by other workers of 70 - 80 % (Henning, 1999; Skunnum et aLt 2002). As

expected feed costs were the major variable costs observed in both Expt. 1 and 2. Dietary

treatment with ad libitum concentrate intake had highest total costs among the treatment.

This is due to the feeds compositions used that aimed to provide the necessary energy

and protein required to attain faster growth rates during feedlot period, a characteristics

of finishing feeds recommended by various authors for finishing cattle (Norris et al.,

2002; Weisbjerg et 以,2007).

In order to have a meaningful profitability analysis one was to carryout the break-even

analysis fbr the level of output/minimum herd size, selling price and purchase price,

weight gain and cost of gain. In this study the analysis was limited to the selling market

price during the experiments and assumed hypothetical selling prices. Considering the

value of the product due to feedlot intervention (Graz+C50, Hay+C60, Hay+C80 and

Hay+ClOO), three scenarios were considered in assuming the selling price of the product,

where the market would be willing to pay more fbr the quality produce (case 2 Tshs

3,500/=, or case 3 Tshs. 5,500/= or case 4 Tshs 7,000/= per kilogram ofcarcass). It was

apparent that in both Expts. 1 and 2 significant Net returns were realized when the

and this accounted fbr 86 % of the cost in both Expts. I and 2 of the feed lot enterprise, a
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CHAPTER SIX

6.0 CONCLUSION, RECOMMENDATIONS AND AREAS FOR FURTHER

RESEARCH

6.1 Conclusions

From the results of the study on effects of different diets on weight gain, carcass and

meal quality characteristics of two breeds of cattle conducted in central part of Tanzania

in the wet and dry seasons, it can be concluded that:

Boran and TSHZ can be used for feedlot production in Tanzania as both breeds

had similar trend in responses in terms of growth rate, feed conversion ratio.

dressing percentage, carcass composition and other quality meat attributes with

increased concentrate intake.

Boran cattle were superior candidate for fattening enterprises as judged by

average daily gain, final Liveweight, dressing percentage, carcass measurements

and carcass confbnnation score, values been higher for Boran than TSHZ.

iii. Limited amount of concentrate on supplementation can be used in finishing cattle

when quality pastures are available in the wet season. On the other hand, ad

libitum energy rich concentrate (a complete feedlot practice) with hay acting as

buffer is necessary for finishing animals during the dry season because of low

quantity and quality of both pasture and hay.

Acceptable tender meat can be produced from indigenous Boran and TSHZ cattle

under feedlot by ageing carcasses to nearly 10 days; the length of ageing depends

intake. Furthermore, ad libitum concentrate intake minimized losses due to

dripping, thawing and cooking.

on the diet, been shortest fbr carcasses from animals on ad libitum concentrate
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willing to pay more than the normal market price for the tender quality beef In

such situations, ad libitum concentrate intake could give the highest net returns at

the time of the study.

6.2 Recommendations

Several issues developed during the course of this study which critically need further

research and are pointed in Section 6.3.Other issues are general in nature and can be

resolved by simple interventions. The general recommendations were:

expensive to produce tenderThis study clearly demonstrates that it is more

quality meat compared to normal meat. The promotion of feed lot entrepreneurs

will only materialize if clear net returns are demonstrated from such enterprises.

This means selling the meat at higher price and in this study it was 5,500 Tshs.

This has wider implications fbr sustainable feed lotting as it must clearly show

how the wide range of stakeholders (the pastoralists, the cattle traders, people in

feedlot, the butchers, supermarkets) could benefit from such enterprises. It is

recommended that:

a. In order to increase the quality and quantity of meat it is worthy to fatten

the animals using ad libitum concentrates diets (Hay+ClOO) and when

pastures are of good quality animals can only be supplemented with

concentrate (Graz+C50).

b. Both market and value chain analyses of producing quality meat be carried

out.

Net returns from feedloting could be positive only when the final consumers were
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c. Economic analysis involving market surveys need to be conducted to

determine the maximum prices to pay for inputs and the minimum prices

for fattened animals and meat products. This will help people involved in

the complex feedloting system to make informed decisions to optimise.

d. It will also be good to assess how economies of scale in feedloting

determine profits.

In promoting feed lot practices, government in partnership with private sector

should develop strategies that will lead to stratification of the beef sector where

the pastoralists will supply young good animals to the fatteners who in turn will

supply good quality animals and beef to the other stratum namely the abattoirs,

butcher shops, supermarkets and finally the consumer. Although there is cost in

maintaining this beef stratum, every body involved in this stratum stands to

benefit.

need to create awareness and institute relevant training to all

stakeholders on the complex issues of beef and quality meat production including

feedloting. Importance of pre-slaughter and post slaughter meat handling, ageing

of meat and meat cuts.

Tanzania has huge and varied feed resources which could be used in promotingiv.

and scaling up of feedloting of cattle. Deliberate efforts be carried out to

optimize their use especially those not competing with human nutrition.

measurable differences in performance andAlthough there carcasswere

characteristics between breed and dietary treatments, the animals used in the

present study had no sufficient similar background in terms of age, nutritional

iii. There is a
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background, and management. It is recommended that in future similar studies

6.3 Areas for Further Research

This study is unique in that it is the first detailed study on fcedloting of cattle in Tanzania

and looked at arrays of issues including economics of fattening. The aim was to obtain

the greatest quantity of high quality meat through intensified feeding. From this study,

the following areas need further research:

The ages of animals in this study ranged from 1 to 3 years for Boran and 1.5 to 4

years for TSHZ. Young animals cost less because of lesser liveweights but

require longer period and higher feed quality to reach the desired weight and

finish. Older animals needs less time in the feed lot. It will be of interest to

evaluate optimum age at entry and optimum finishing period of Boran and

TSHZ cattle in terms of meat quality and economics of feedlot fattening.

Value-adding mechanism on carcasses produced under feedlot conditions need to

be studied to partially offset additional costs associated with feedlotting. One of

the mechanisms is the development of primal beef cuts which should correspond

closely to the beef units that a retail butcher or super markets will order from a

wholesaler or abattoir. Further research be directed in market strategies suitable

at the retail butchers to meet consumers requirements.

Research should also be carried out to assess requirements of variety ofiii.

(including niche markets, hotels, mining, tourism) and theirconsumers

willingness to pay extra for buying quality beef meat.

more replications per treatment be used depending on availability of resources.
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Due to the fact that by 10 days of ageing the meat from Tanzania breeds (Boran

and TSHZ) had attained a shear force of 48. And 49.6 N for experiment 1 and 2

i.e. tender meat, it is recommended that further studies on ageing time to get

exact time for tenderizing Tanzanian meat i.e. between 2 to 10 days.
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APPENDICES

“，，，，•，

29lh March. 2008

SATURDAY

心，

“，，心，

3lsl March, 2008
MONDAY

28th March. 2008
FRIDAY

Arrival of 20 animals from Kongwa at Kizota Abattoir for 
slaughtering - 1st lot (at 5.00pm)
Slaughtering of 20 animals and Detailed measurement" taken

LUNCH-

Isl April, 2008 
Tuesday 

2nd April, 2008 
Wednesday

Arrival of 40 animals from Kongwa at Kizota Abattoir for 
slaughtering - 2nd lot (at 5.20pm)
Slaughtering of 40 animals and Non-Detailed measurement to 

be taken
LUNCH-

Measurements taken after 24 hrs of Ist Lot
Measurements and Sampling after 48 hrs - carcass of lot 1
Note: to take sample on 7th April & 17th April fbr storage

Small Lunch -
Arrival of 22 animals from Kongwa at Kizota Abattoir fbr 
slaughtering - 3rd lot (at 5.00pm)
Slaughtering of 22 animals and Detailed measurement taken

LUNCH -
Transportation of 60 carcasses fbr SALE
Measurements taken after 24 hrs- 3rd lot

Small Lunch
Measurements and Sampling after 48 hrs - 3rd Lot
Note: to take sample on IIth April & 21st April fbr storage

Small Lunch
* Detailed measurements = Recording of all the carcass, non-carcass 
measurements, temperature and pH readings at 45 minutes and 6 hours.

30,h March, 2008

Sunday

Thursday

Appendix 1: Schedule for slaughtering dates, carcass measurements, sampling of 
LD muscle and dissection of 6” rib joint in Expt. 1

Dates Activity

Rehearsal /Review of activity PROTOCOL27诉 March. 2008
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・，，，

LUNCH -
・..• ・.，，

5lh April. 2008

Saturday

April. 2008 

lluirsday 
4th April. 2008

FRIDAY

Measurement taken after 24 hrs Lot 4
Measurements and Sampling after 48 hrs - 4th lot 
Note: to take sample on 7,h April & 17th April for storage 

Transportation of 60 carcasses fbr SALE

Recording of all the carcass, non-carcass 
measurements, temperature and pH readings at 45 minutes and 6 hours.

Arrival of 22 animals from Kongwa at Kizota Abattoir for 
slaughtering - 4th lot (at 5.00pm)

Slaughtering of22 animals and Detailed measurement taken
LUNCH -

Arrival of 16 animals from Kongwa at Kizota Abattoir fbr 
slaughtering - 5th lot (at 5.20pm)
Slaughtering of 16 animals and Non-Detai led measurement to 
be taken

6,h April. 2008

Sunday 
7lh April. 2008

Monday
Detailed measurements
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AppeiidixJ2： Carcass classifkation according to EUROP classification system
Ranking no Description of rank

Exceptional muscle development

1 cry good muscle development

R +
(jao(/ muscle Development

Average Muscle Development

P +
Poor muscle Development

P-

0 +
0
0-

1
2
3
4
5

U +
U
U-

6
5
4

12
II
10

3
2

1
2
3
4
5

9
8
7

15
14
13

Category of classification
A: Carcass conformation

B: Carcass fat layer Classification 
None up to low fat cover 
Slight fat cover
Smooth fat cover 
Abundant fat cover 
Thick fal cover
C: Carcass meat colour classification 
Extra Ugh!
Fairly light
Normal
A little dark/ Yellow
Dark/YeUow ________

E-r
E
E-
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1. Meat samples were removed from the freezer and then weighed frozen together
with scaled plastic bags (Wl) in order to determine the thawing loss.

2. The meat samples were placed in the refrigerator (+4°C) separately in one layer
on a nietal plate and thawed for 24 hours.

Dav 2

5. The

6. After one hour when the above cooking was over, heat treatment was stopped.

Appendix 3: Determination of thawing and cooking loss, and meat toughness using 

Warner-Bratzler Shear Force (WBSF)

The cooked samples were shifted in cold tap water for cooling. The tap water was 
left flowing on top of the container with samples for about two hours until the 
internal temperature of the meat had reached 24°C.

vacuum sealed meat samples were weighed (W3) (for determination of 
cooking loss)

vacuum packed meat samples (6x7 cm) were heat-treated at 75° C for 60 
minutes in a circulating water bath. Here it was the internal temperature of the 
meat that had to be 75°C. The water bath was set at a slightly higher temperature 
of 78 °C above the required meat temperature. Metal rods from the lab were used 
to keep the meat samples down in the water so that every sample was covered 
with water and samples were kept separate from each other. For every heat 
treatment the temperature of the water bath and the internal temperature of the 
meat were checked with the thermometer stick. A thermometer stick was inserted 
in one of the sealed plastic bags from the top end and was pushed down to reach 
meat sample inside such that the meat sample did not get in direct contact with 
the water from the water bath after making a hole in the vacuum pack.

I hree pieces of niuscle LD stored fbr 2, 10 and 20 days kept in the freezer, were taken 
Ibr analysis on WBSE as per the following procedures:
Dav I

1. The meat samples were taken from the refrigerator then the seal was opened, and 
the muscle juice inside was removed.

2. The meat samples together with the sealed plastic bags were weighed (W2).
Thawing Loss (%) = [(weight before thaw (Wl)-weight after thaw (W2))/Wlj*100

3. Meat samples were put in new plastic bags and sealed with vacuum pack machine
4. The
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9. From each sample, small rectangular blocks

7• Aller cooling, the vacuum packs with meat samples were opened and the muscle 
juice inside were removed. Meat samples were wiped with a clean tissue paper 
and then weighed (W4) to assess cooking loss.

('ookin^ loss = [(weightof  raw steak after thawing (Wi) - weight of cooked steak 
(W4))/ weight of raw steak after thawing 6V3)] * 100

8. 1'hen the dimensions of the meat samples were adjusted with a knife so that all
meat samples had identical dimensions, e.g. 5 x 6 cm in the fibre direction.

were cut with a scalpel. The 
dimensions of these samples were exactly 1cm high x 1cm width x 5 cm length in 
the fibre direction. A minimum of 4 blocks were prepared per meat sample. Each 
block of 5 cm long were then sheared with the triangular shaped Wamer-Bratzier 
blade three times. If the blocks were shorter it was not possible to cut three times 
and more blocks had to be prepared. From each meat sample, a minimum of 12 
repetitions were performed. The sampled blocks had no tendons in between as 
they could affect the shearing.

10. Important note: (a) The suitable load cell were mounted on the food texture 
analyzer (fbr beef and lamb =1 kN) and the protocol for the machine used was 
followed. Warner-Bratzler shear blade, with a triangular slot cutting edge, 
attached to Zwick/Roell (Z2.5 German) instrument was used to determine the 
force (N) required to shear through a muscle cube at right angle to the muscle 

fibre direction.
11. Important note: Suitable software (Text expert 8.1 Zwick Roell) was used which 

allowed the recording and calculations specified. The following specifications in 

the program were used:
-Compression.

-Crosshead Speed: used 200.000 mm/min.
-Sampling Rate: 20.000 pts/sec.
- Specimens per screen: 12 (repetitions).

-Load cell: used a 1 kN



214

Dates

26/12/2008
I'ridax

26/12/2008
Fridax

27, l，'2008St

-LUNCH -

28/12/08 Sund Measurements after 24 hrs
29/12/2008
Monday

・・，， 心，、.

30/I2/2008TU

Measurements after 24 hrs31/12/08 Wed
01/01/2009

Thursday
・，，，，，“，，

“，，，，

02/01/2009Frid
“，， “，，，，

03/01/09 Sat
04/01/2009
Sunday

“，，，，

Sales of Carcass

Measurements and sampling after 48 hrs - carcass
Note: to take sample on 6th Jan and 16th Jan for storage 

-Small Lunch -

Measurements and sampling after 48 hrs - carcass
Note: to take sample on 10th Jan and 20lh Jan for storage 

-Small Lunch -

Arrival of 24 animals from Kongwa at Kizota Abattoir for 
slaughtering - 1st lot (5.00 pm)

Slaughtering of 24 steers and detailed measurement" taken

Arrival of 24 animals from Kongwa at Kizota Abattoir for 
slaughtering -2nd lot (5.00 pm)
Slaughtering of 24 animals and detailed measurement taken 

-LUNCH-

Arrival of 24 animals from Kongwa at Kizota Abattoir fbr 
slaughtering - 3 rd lot (5.00 pm)
Slaughtering of 24 animals and detailed measurement

-LUNCH-
Measurements after 24 hrs
Measurements and sampling after 48 hrs - carcass

Note: to take sample on 13,h Jan and 23ri Jan for storage

-Small Lunch -

Activity
Rehearsal /Review of activity PROTOCOL (participation of all the 
players)

Appendix 4: Schedule for slaughtering dates, carcass measurements, sampling of
LD muscle and dissection of6,h rib joint in Expt. 2

* Detailed measurements = Recording of all the carcass, non-carcass 
measurements, temperature and pH readings at 45 minutes and 6 hours.
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Species
/herb/Forbs 

grass 
erass

annual 
annual 
annual 
annual 

perennial 
various

Percentage 
Composition 

15.7

180 
165 
160 
150 
70 
40 
37 
35 
33 
34 
30 
26
25 
24 
20

herb 
herb 

legume 
grass 
forb 

\arious

12.8 
11.8 
11.4 
10.2 
5.0 
2.9 
2.6 
2.5 
2.4 
2.4 
2.1
1.9 
1.8 
1.7

grass 
legume 
grass 
herb
grass 
grass 
herb 
tbrbs 
herb
grass 
herb
grass 
grass 

legume 
herb

perennial 
annual 
annual 
annual 

perennial 
annual 
annual 

perennial 
annual 
annual 
annual 
annual 

perennial 
perennial 

annual

17
15
14
14
9 
75 

U10

1.2 
1.2 
1.1 
1.0 
1.0 
0.6
5.3 

100.0

Appendix 5: Forage botanical composition (%) in grazed paddocks in Expt. 1 
(December 2007 to March, 2008) 

Frequency of 
occurrence 

220Ari st i da adscensionis 
Dactyloctenium 
ue^ypinun 
(enchrus eiliaris 
A kicrutyloma uniflonun 
I roe hl ou trichopus 
Tri dux procu/nbens 
Cynodon plectostachyus 
('hloris virgale 
ll'atlieria Americana 
Tephrusiu pumila 
Leucas murtinscensis 
Bruehiaria serifolia 
Monee lima sp 
Erci^rostis patterns 
Punicum spp 
Neurautanenia mitis 
Astipomoea 
hyoscamoides 
Gutenbergia polycephala 
Bidens lineribora 
Crotalaria barken 
Digitaria velutina 
Indigophera sp.
Olhcr various spp 
Total 

Perennial/ Grass/legumc 
annual 
annual 
annual
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Diets 48 h Tdrop 1 Tdrop 2
Graz+COO 2.0 12.3

Boran Graz+C50 12.9

40.0a 27.4 2.1 12.4

23.5、40.1 27.8 2.5 12.3

37： 25.8 11.9

IS HZ Graz+C50

10.84..0 2.5

0.30.2 0.50.20.5
<.00010.2586 0.0133<.0008<.0002<.0001B
<.00010.03850.1156<.0030<.00480.0920P-value D
0.35220.96680.28270.27220.87870.6820B*D

LSMcans with different superscripts in the same column arc significantly different (P<0.05). P-value

Breed

11.83
12.5a

4.1a

4.3a

37.8C

38.4*

38.9ab

21.4C

22.9、

Hay+C60

Hay+C'100

Graz+C00

26.3° 

26.3b 

28.9ab

3.1°
3.0b

3.lbHay+C60

Hay+ClOO

SEM

23.1b 

23.33b 

23.0a

=Probability values： Graz+COO =grazing alone as control; Graz+C50= grazing + 50 % aQ 
libitum concentrate intake; Hay+C60 and Hay+ClOO = (adlibitum hay + 60 and 100 % 
of the ad libitum concentrate intake respectively)； Standard error of mean (SEM); Tdrop 1 = 
Temperature drop from 45 min to 6hrs; Tdrop 2 = Temperature drop from 6hrs to 24hrs; B 
=Breed; D = Diet: B*D = Interaction cflcct

24 h

TT 
3.6ab

23.53

23.2 m

Appendix 10: LSMcans of the effects of breed and diet on temperature decline of 

Longissimus dorsi (LD) of carcasses in Expt. 1

Temperature (°C) readings 

6h 
26.6b 

26.9ab

45 minutes 
38.9L 

39.6ab
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Breed Diets 45 24 h 48 h pHchangcl pHehangeZ
minutes

6.36 5.72 5.67 0.56 0.08
Boran Graz+C50 6.33 5.77 5.71 5.67 0.56 0.07

5.76cd6.26 5.705.74 0.5 0.02
5.74d6.24 0.025.72 5.71 0.52

6.37 5.83a 5.61 0.5 0.135.7

5.78'" 0.54 0.085.70 5.64TSHZ Graz+C50 6.34
5.69 5.60 0.53 0.076.31 5.75

5.73d 5.62 0.55 0.065.676.28
0.18 0.180.10 0.030.100.10

0.52940.04390.00370.0718 0.72550.9088B
0.0036 0.11110.90620.55310.01460.5522P-value D

0.11180.17380.70690.59170.03170.5177B*D
I.SMcans with difTerent superscripts in the same column are significantly diflerent (P<0.05). P-value

Breed: D = Diet: B*D = Interaction eflcct

Graz+COO

Hay+C60

Hay+ClOO

SEM

Hay+C60 

Hay+C100 

Graz+COO

abil

=Probability values: Graz+COO = grazing alone as control; Graz+C50 = Graz+COO + 50 % ad libitum 
concentrate intake: Hay+C60 = ad libitum hay + 60% of the ad libitum concentrate intake; HayYlOO = ad 
libitum hay + ad libitum concentrate intake; Standard error of mean (SEM): pHchangcl = pH change from 
45 min to 6hrs: pHchange2 = pl I change from 6hrs to 24hrs; B = Breed: D = Diet: B,D = Interaction eflcct

Appendix 11: LSMeans of the effects of breed and diet on pH changes of 

Longissimus dorsi (LD) of carcasses in Expt. 1 

pH readings 
6h

5.80ab
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Appendix 12: LSMeans of the effects of breed and diet on percentage drip, thawing.

Breed Diets

(%)

3.3

Boran Graz+C50 4.0 24.84.7
3.6 4.3 25.0

4.1 23.0

27.75.9 5.2

26.85.04.6TSHZ Graz+C50

27.64.43.5

26.14.12.4
2.91.00.30.7

0.03860.00060.44310.9088B
<.00010.23630.03920.0003P-value D
0.16670.96080.98100.7701B*D

LSMeans with difTcrcnt superscripts in the same column are significantly differenl (P<0.05). P-value

libitum hay + ad libitum concentrate intake: Standard error of mean (SEM); B = Breed: D = Diet: B*D 
Interaction effect

Hay+C60

Hay+ClOO

SEM

Hay+C60

Hay+ClOO

Grciz+COO

Graz+C00

62° 
57b 

48" 

42d

(N) 
58^ 

45J 

45J 

42d

(%)

252

=Probability values: Graz+COO = grazing alone as control; Graz+C50 = Graz+COO 50% ad libitum 
concentrate intake: Hay+C60 = ad libitum hay + 60% of the ad libitum concentrate intake: Hay+ClOO = ad

cooking losses and shear force of LD of carcasses in Expt. 1 

Meat quality attributes

Drip loss Thawing loss Cooking loss Shear force

(%)

To-
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Breed Shear force

2 25.8

Boran 10 24.5

23.120

27.52
27.3TSIIZ

27.120
0.8 2.10.3SEM

0.03860.00060.4431B
<.00010.0666<.0001P-value A
0.56710.26090.5733B*A

LSMeans with diffcrenl superscripts in the same column arc significantly different (P<0.05). P-value

67.3a

50.2c

38.9d

5.0a

3.0b

6.0a

5.2a
2.9b

Appendix 13: LSMeans of the effects of breed and ageing time (days) on 

percentage thawing loss and cooking loss of muscle LD of carcasses 
in Expt. 1

Meat quality attributes

Ageing time (days) Thawing loss Cooking loss

(%) (%)

5J

ahc

=Probability values: Graz+C00 = grazing alone as control: Graz+C50 = Graz+COO + 50 % ad libitum 
concentrate intake; IIay+C60 = ad libitum hay + 60% of the ad libitum concentrate intake; Hay+ClOO = ad
libitum hay + ad libitum concenlratc intake; Standard error of mean (SEM): B = Breed; A = Ageing time 
(days): B*A = Inlcraction

(N) 
59^ 

47.2C 
35.，



47.1"
44山

42’

41’

38"
37/

34’

3.0
<.0001

<.0001

0.0072

Graz+C00 6.8" 27.7

Graz+C50 6.9U 26.4

2 days I lay+C60 26.45.3

4.2 26.1Hay+C 100

6.1" 25.0Graz+COO

4.6rf 27.4Graz+C50

26.54.5'Hay+C6010 days
24.75.1Hay+C 100
26.7Graz+COO

23.73.1eGraz+C50

27.13.3。20 days Hay+C60
23.03.FHay+C 100

0.4SEM
0.9608<.0001A

P-vahie
0.23630.0392D

0.2609<.0001A*D

汕'M’LSMcans with different superscripts in the same column arc significantly dinerenl (P<0.05). P-value
=Probability values; Graz+COO = grazing alone as control: Graz+C50 = Graz+COO + 50% ad libitum 
concentrate intake: Hay+C60 = ad libitum hay + 60% of the ad libitum concentrate intake: Hay+C 100 = ad 
libitum hay + ad libitum concentrate inUke; Standard error of mean (SEM); D = Diet: A = Ageing time 
(days); D*A = Interaction effect
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Thawing loss 

(%)

Meat quality attributes

Cooking loss Shear force (N) 

(%)

Ageing 

time

Appendix 14: LSMeans of the effects of diet and ageing time (days) on percentage 

thawing loss, cooking loss and shear force (N) on LD muscle in Expt.

'.5J
'.5J

屈 
m
l

77.
67.
56.
50.62
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Amount (Tshs)

120 156,500 18.780,000.00

Type of feeds

Maize 15962 298 4.751360.00

CSC 3899 109 423.750.00

Molasses 13870 205 2.850,000.00

1052.473.68Mineral mix 612 1750

370,825.08250774Salt

270,213.62940150Urea

100Grazed forage

2,337,679.803.0 Labour (wages) for 90 d

700,000.004.0 Veterinary drugs and services

2,400,000.005.0 Transport costs animals - market & abattoir

Note: 1.00 USD is equivalent to 1,310 Tanzania shillings (Tshs) as per 20th Nov.2009

Amount 
(kilogram)

1,440,000.00
14,346,728.27

192
12360

1900
120

699.105.88
1,489,000.00

Mineral blocks
Cut hay

Unit price 

(Tshs)

14400
Sub total

Animals costs 
l-'ccd costs

Appendix 15: Overall inputs and costs used during Expt. 1 
ri'EM/i nputs Quantity

1,245,000.00
39,809,408.07

6.0 Fixed cost due to fbedlot structure and fieed store
1OTAL COSTS ZZZZZZZZZZZ
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—-Price 2500/= Tshs/kg

80,000
60,000
40,000
20,000

101 126 158、^
Cost price of feed (Tshs/kg)

.20,000 
•40,00。 
-60,000 
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-100,000 
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140,000

was sold at Tshs 2500 per kg of carcass in Expt. 1
.. _____. … 一 - - --------------------------------------------------------------------------------------------------- ------- 一" ■ -,1— 

Appendix 21: The influence of cost of feed (Tshs/kg) on the net margins for Boran 
finished on ad libitum concentrate intake (Hay+ClOO) when carcass

market price of Tshs 2500 per kg of carcass in Expt. 1

40000
30000
20000
10000

0
358100 120 M9•10000

■20000
-30000
-40000
-50000

Price 2500 Tshs/kg carcass

144 173 207 ''

Cost price of feed (Tshs/kg)

Appendix 20: The influence of cost of feed (Tshs/kg) on net returns for Boran 
finished on grazing alone (GnuHCOO) when the carcass was sold at
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concentrate (Hay+ClOO) when the carcass was sold at Tshs 2500
per kg in Expt. 1

30,000.00

20,000.00

10,000.00

157.12 196.4080.45(10,000.00)

(20,000.00)

(30,000.00)

Price 2500 (Tshs/kg)

(40,000.00)

(50,000.00)

Appendix 23: The influence of cost of feed (Tshs/kg) on the net returns fbr 
Tanzania shorthorn zebu finished on ad libitum hay and ad libitum

100.56 125.70
Cost price of feed (Tshs/kg)

Appendix 22: The influence of cost of feed (Tshs/kg) on the net returns for

20,000.00

15,000.00

—10,000.00

5,000 00

64.00 172.80
(5,000.00)

(10,000.00)

(15,000.00)

(20,000.00)

一 •-Price 2500 (Tshs/kg..

Tanzania shorthorn zebu finished on grazing (Graz+COO) when the 
carcass was sold at Tsh 2500 per kg of carcass in Expt. 1.

80.00 100.00 120.00
Cost price of feed (Tshs/kg)
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annual 
perennial

annual 
annual 
annua!

perennial 
perennial 

annual 
annual 
annual 
annual

perennial 
annual

perennial 
annual 
annual 
annual 
annual

perennial 
various

grass 
grass 
herb 
herb 
herb 
tbrbs 
grass 
herb 
grass 
grass 
grass 

legume 
grass 
tbrbs 
herb 
grass 

legume 
legume 
grass

various

. \nslida adscensionis 
Cenchrus cilians 
Tridax procunibens 
Watheria Americana 
l.eucas martinsccnsis 
Tephrosiu pumila 
Cynudon pledostachyus 
Motiechma sp. 
Chlor is virgate 
Eragrostis patterns 
Digitaria velutina 
Neuruutanenia mitis 
L'rochloa trichopus 
Indigpphera sp 
Bidens hneribora 
Brachiana serijolia 
Crotakina barkea 
Macrotyloma umflorum 
Panicum spp 
Other various spp 
Total

232

Appendix 24: Forage botanical composition (%) in grazed paddocks in Expt. 2

(August to November 2008)

Species Frequency of occurrence Percentage Composition Perennial/ Grass/lcgumc
annual /herb/Forbs
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Breed Diets 48 h Tdrop 1 Tdrop 2
Graz+COO

Boran Graz+C50
40.2 26.1

TSHZ Graz+C50
26.72.630.240.1

0.30.2 0.30.2 0.20.3
0.3148 0.9001 0.20810.0206 0.49830.0494B

<.00010.0781 <.00010.0036<.0001<.0001DP-vahie
0.3608 0.02150.5070 0.77450.0434<.0001B*D

LSMeans with different superscripts in the same column arc significantly diflcrent (P<0.05). P-valuc

36.8C
38.5b

Hay+ClOO
Graz+C00 22.0c 

24.8b

Hay+ClOO

SEM

2.33 
2.5ab

45 minutes
~38.6b

39.3ab
2.63 
2.0b
2.4 a

Standard error of mean (SEM): Tdrop 1 
Temperature drop from 6hrs to 24hrs; B =

24.9c 
27.3bc

3.9a
2.9 b
3.2a

23.36
24.8b

26.0c 
28.1b 
30.0a

12.6a 
11.2b 
10.2c 
ll.9ab 
11.2b 
10.3c

Appendix 29: LSMeans of the effect of breed and diet on temperature decline of 
Longissimus dorsi (LD) of carcasses from Expt. 2 

Temperature (°C) readings 
6h 24 h 

3.3b

a^LSMeans with dinerent superscripts in the same column arc significantly diflcrent (P<0.05). P-valuc = 
Probability values: Graz+COO =grazing alone as control; Graz+C50= grazing + 50 % at/ 
libitum concentrate intake; Hay+ClOO = ad libitum hay + ad libitum concentrate intake:

Temperature drop from 45 min to 6hrs; Tdrop 2 = 
Breed; D = Diet: B*D = Interaction effect:
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Breed Diets 45 24 h 48 h pHchangel pHchangcl
minutes

6.50 6.00 5.63 5.58 0.50 0.37

Boran Graz+C50 5.52 5.94 5.62 5.57 0.42 0.32

6.45 5.9 5.6 5.55 0.55 0.30

6.36 5.88 5.60 5.62 0.48 0.28

6.401'SHZ Graz+C50 5.84 5.59 5.55 0.56 0.25

5.61 0.66 0.206.47 5.81 5.60

0.06 0.02 0.02 0.07 0.070.10

0.46160.1043 0.8683 0.3863 0.40670.4477B

0.0833 0.02050.0153 <.00010.8403 0.1529P-value D
0.33240.0953 0.5611 0.77740.3922 0.9017B*D

LSMcans with diricrcm superscripts in the same column arc significantly diHerent (P<0.05). P-value

Graz+COb

Hay+ClOO

Graz+COO

Hay+ClOO

SEM

UKT

Probability values; Graz+COO = grazing alone as control: Graz+C50 = Graz+COO + 50 % ad libitum 
concentrate intake: Hay+ClOO = ad libitum hay + ad libitum concentrate intake: Standard error of mean 
(SEM): pl Ichangc 1 = pl I change from 45 min to 6hrs: pHchangcl = pH change from 6hrs to 24hrs: B = 
Breed: D = Diet: B*D = Interaction effect

Appendix 30: LSMcans of the effect of breed and diet on pH changes of 

Longissimus dorsi (LD) of carcasses from Expt. 2 

pH readings 

6h
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Appendix 31: LSMcans of the effect of breed and diet on percentage drip, thawing,
cooking looses and shear force ofLD of carcasses from Expt. 2

Meat quality attributes
Breed Diets Drip loss Thawing loss Cooking loss Shear force

Graz+COO
Boran 18.4*Graz+C50 3.7 5.8 47.8'

17.2&3.4 4.7 44.9*
3.6 5.9 24.9* 57.7,

54.0*TSHZ Graz+C50 3.0 5.6 23.1"

2.8 4.0 162 57.7-
0.5 0.8 1.6

0.68730.14970.1359 0.5344B
<00010.3291 <.00010.3397P-value D
0.14480.20430.28120.9304B*D

LSMcans with different superscripts in the same column are signiticanlly ditlcrcnt (P<0.05). P-valuc =

(%)
T9

(%)
~6T

Hay+ClOO
SEM

Hay+ClOO
Graz+COO

.ibc

Probability values: Graz+COO = grazing alone as control: Graz+C50 = Graz+COO # 50 % libitum 
concentrate intake: Hay+ClOO = ad libitum hay + ad libitum concentrate intake; TSHZ = Tanzania 
shorthorn zebu; Standard error of mean (SEM): B = Breed: D = Diet; B*D = Interaction effect.

(%)
230

(N)
61.2"
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Breed Shear force

2

Boran 18.310

18.920

17.72

24.410TSHZ
22.120

1.81.40.8SEM
0.68730.14970.5344B
<,00010.42160.0005AP-value
0.05680.00260.1769B*A

,c LSMeans with diflercnt superscripts in the same column are signiiicantly different (P<0.05). P-value

Appendix 32: LSMeans of the effect of breed and ageing time (days) on percentage 
thawing loss, cooking loss and shear force on muscle LD of carcasses 
from Expt. 2

Ageing time

(days)
Thawing loss

(%)
8^

4.3b
4.5b
6.0ab
4.6b
4.9 b

(N) 
63.7s 
50.4b 
39.8d
68.5, 
48.8£ 
39.0d

Meat quality attributes
Cooking loss 

(%) 
2L3

Probability values; Standard error of mean (SEM): B = Breed: A = Ageing time (days): B*A = Interaction 
effect
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carcasses

72.3s*Graz+COO
2 days Graz+C50 6.1

6.3 16.4

27.31*4.3
10 days Graz+C5O 4.5

16.5'4.4
47.4'5.2

4.820 days Graz+C50
4.0

2.61.80.9

<.00010.14970.0005A
<.0001<.00010.3291DP-value
0.03580.26910.4717A*D

LSMcans with differcnl superscripts in the same column arc significantly different (P<0.05).

20.3c
:de

Jh.def LSjvfcans with differcnl superscripts in the same column arc significantly different (P<0.05). 
Probability values (P-valuc): Graz+COO = grazing alone as control: Graz+C50 = Graz+COO + 50 % ere/

Hay+ClOO
Graz+COO

36.2C
34.6*

Ageing 
time

47.5c
42.5dHay+ClOO

Graz+COO

Hay+ClOO
SEM

22.1K
22.3b

17.2"

68.9a
57.2b
58.8b

22.妒
19.7cd

libitum concentrate intake: Hay+ClOO = ad libitum hay + ad libitum concentrale intake: Standard error of 
mean (SEM); D = Diet: A = Ageing lime (days); D*A = Interaction effcci

Appendix 33: LSMcans of the effect of diet and ageing time (days) on percentage 
thawing, cooking losses and shear force on LD of carcasses from 
Expt. 2 

Diet Meat quality attributes
Thawing loss (%) Cooking loss (%) Shear force (N)

^8
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Amount (Tshs)Unit price (Tshs)

Amount (kg)

318.150
270,000

8944 
2799 
6783
330 
418
80
108 

4860 
14800

Sub lotal

Numbers
36
36 

Sub lotal

Amount (Tshs/ 
11.453.400.00 
9.720.000.00 
21.173.400.00

1.0 Animals and costs
Animals
Boran
Tanzania shorthorn zebu

480
398 
205 
1750 
300
1000 
1900 
120 
74

2.0 Feeds and costs
Type of feeds
(i) Concentrate mixture

Maize
CSC
Molasses
Mineral mix
Sall
Urea
Mineral blocks

(ii) Cut hay
(iii) Grazed forage

3.0 Labour (wages)
4.0 Veterinary drugs and services
5.0 Transport costs animals - market & abattoir
6.0 Fixed cosi due lo fbcdlot struclurc and fhed store

TOTAL COSTS
Note: USD 1 was equivalent to 1,310/= Tanzania shillings as per 20th Nov.2009

Appendix 34: Inputs and their costs used in Expt. 2
ITEM Quantity

4.295,200.00
1.113.602.57

893.658.21
577.500.00
125.400.00
80.000.00

205.200.57
633.782.61

1,095,200.00
9.019.543.97

1,402,608.00
450,000.00

1,000,000.00
311.252.00

33】56,803.97
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Parameter Case 3

(Net returns 1) (Net returns 2) (Net returns 3)

Breed Boran •3547/ 225893a 439642a

170102bTSHZ

SEM 0.12 0.03 0.14

P - lvalue <.0001 <.0001 <.0001

Finishing -131453Graz+C00

167474b 33847。Diets Graz+C50 -60526'

-70479c 448627’226564aHay+ClOO

10.23SEM 0.42 0.41

<.0001<.0001 <.0001P - Value

Note: USD 1 was equivalent to Tanzania shillings 1310/= as per 20th Feb .2009; abc

-60622b

LSMeans 
with different superscripts in the same column are significantly diflerent (P<0.05). P-value 
=Probability values; NRs 1 = Net Returns when carcass sold at 3500/= Tshs/kilo; NRs 2= Net 
Returns when carcass sold at 5500/= Tshs/kilo; NRs 3= Net Returns when carcass sold at 7000,= 
Tshs/kilo; Graz+COO =grazing alone as control; Graz-rC50= grazing + 50 % libitum 
concentrate intake; and Hay+ClOO = ad libitum hay + 100 % of the ad libitum concentrate 
intake; Tanzania shorthorn zebu (TSHZ).

35l602b

Appendix 37: LSMeans of the effects of breed and diet on production costs and Net 

Returns (TSH per carcass) on finished steers in Expt. 2 

Case 1 Case 2
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